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Pp. Cased Piles helically-welded steel tubular casing. Their many advantages 


Mari tl ! m e hammer striking on a plug of dry concrete deposited at the base 
of the casing. The casings are supplied in a wide range of 


BS. 
Structures 




















B.S.P. Cased Piles are concrete bearing piles with a permanent 


have already been demonstrated on a large number of contracts 
both in this country and overseas. They have been used for the 
foundations of a wide variety of structures, including maritime 
structures such as piers and harbour installations. 


B.S.P. Cased Piles are normally driven with an internal drop 


diameters and thicknesses, and in any length desired. They can 
be lengthened on site by butt-welding as required and may be 
inspected for their full length after driving. 


For full details write for List No. 210. 
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16-in. diameter casings used as temporary staging piles at 
Tees Dock, No. 1 Quay, Middlesbrough. Casings base-driven 
with 24-ton internal drop hammer and then extracted and 
re-driven several times. 
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Whatever your dredging 
problems may be, 

with one of our machines 
you will finish the job ! 


BUCKET DREDGERS—MODEL BV. 


The Model BV is suitable for dealing with almost any kind of soil. The 
dredgings can be discharged to either side, or if required to both sides 
simultaneously through long or short chutes. 

The buckets which are of special design have a special discharge rim 
fitted to the inside which facilitates the discharge. 


BUCKET DREDGERS WITH DISCHARGE PUMP—MODEL BP. 


A BP is also a bucket dredger, but equipped with a discharge pump. The 
pump forces the dredged mixture through floating and fixed pipe line 
to the dumping point. 

BP's are eminently suitable for jobs necessitating the dredging of widely 
divergent types of soil and for spanning great distances of discharge. 
This type of dredger has a funnel, a grid and as far as the larger machines 
are concerned, a rotating soil cutter. 

Fairly low and modern superstructure. 


SUCTION DREDGERS—MODEL ZP. 


A ZP suction dredger can only be economically exploited for the dredging 
of sand. 

Sand which might otherwise not be suitable for being dredged by suction 
dredger can still be dealt with if a high-pressure force pump is installed. In 
such cases the dredger also proves less sensitive to sand with some 
admixture of clay or loam. The mixture of soil is sucked up and forced 
by the dredge pump through pipe line to the shore, or direct in barges. 
Diesel mechanical or electric drive. 


CUTTER-SUCTION DREDGERS—MODEL ZC. 
A ZC Cutter suction dredger is essentially the same as the ZP dredger, 
but in addition it is equipped with a cutter-installation, so suitable for 


dealing with almost any kind of soil. The shape of the cutters varies 
greatly, depending on the kind of soil to be handied. 


EVERY DREDGER 
A MASTERPIECE OF 
DUTCH CRAFTSMANSHIP 


SOLE MANUFACTURER : 


B.P. de GROOT. 
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Editorial Notes 


The Mina al-Ahmadi Oil Terminal 


During the past year or so a good deal of space in this Journal 
has been devoted to descriptions of the newer oil terminals in the 
United Kingdom and elsewhere. Without exception these instal- 
lations have been discharging terminals for crude oil, though 
some of them also provide facilities for the outward loading of 
refined product. It is fitting, therefore, that in this issue attention 
should be directed to some of the problems of tanker loading at 
the other end of the voyage at what is unquestionably the greatest 
centre of oil production in the world today. 

The article we print in this issue describes the latest loading 
methods developed by the Kuwait Oil Company at Mina 
al-Ahmadi, some five miles distant from the Company’s adminis- 
trative centre of Ahmadi. The phenomenal growth of production 
here can be better appreciated by saying that nine years after the 
first shipments were made in 1946, through sea loading lines, the 
rate of production had reached the remarkable figure of 54 million 
tons per annum and gave every indication of outstripping the 
loading capacity of an eight-berth pier commissioned in 1949. The 
construction of a second pier was accordingly put in hand in 1956 
and this was designed to accommodate five vessels at a time, of 
which two might very well be in the super-tanker class. 

The construction of this pier and its approach jetty follows the 
customary practice with oil properties where speed and simplicity 
of erection are the primary requirements. Advantage has been 
taken of the more recently available hexagonal and octagonal 
steel box piles (in this case, the former) and the complete struc- 
ture is composed of a system of steel trussed girders designed to 
distribute berthing impacts, initially absorbed by gravity fenders, 
without distortion of the pipe bands which must have freedom 
to expand and contract independently of the supporting sub- 
structure. 

Situated as it is a mile off-shore, in a trying climate, the ter- 
minal has to embody close at hand air-conditioned office accom- 
modation and recreational amenities for its operating staff. An 
interesting feature of it is that the flow of oil to the outlets is by 
gravity from a tank farm some five miles away at an elevation of 
350-ft. above sea level, The static head on the lines is therefore 
considerable but even so the desired rate of outflow necessitates 
‘large diameter pipelines with a correspondingly low velocity head 
inywhere in the system. This makes for safety in operation for, 
n normal service, the hose connections are at atmospheric pres- 
sure and the pressure on shut down cannot at any time exceed 
he given static head, a condition very different from that en- 
‘ountered at discharging terminals. With such a volume of 
hroughput flow booms and other appurtenances can embody the 
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very latest refinements in this field, but it would be of interest to 
have further details of the Chiksan arrangement which is only 
briefly described in the article. 


The Water Tractor 


The design of tugs for work in harbours and estuaries or for 
deep-sea towage has always had a special fascination for naval 
architects and engineers for there the problems of ship propul- 
sion and underwater form are presented in most diverse combina- 
tion. The result may have no great spectacular appeal but most 
likely it has involved the designer in an option of difficulties rarely 
encountered elsewhere. It is perhaps with berthing tugs that the 
choice of alternatives is most difficult to make for this service is 
generally characterised by long periods of constant readiness or 
idling, which place a premium on economy in manning, inter- 
spersed with short periods of strenuous activity where a capacity 
for quick and precise positioning and manceuvre transcends all 
other attributes. For in the last analysis 'the effectiveness of a 
ship-handling tug is best gauged by its ability to direct its efforts 
rather than by the possession of great power which it cannot bring 
to bear. It is considerations of this kind which give the article 
we print elsewhere in this issue its surpassing interest. 

A good static pull is, of course, an important requirement in a 
berthing tug. Good modern designs embodying Kort nozzles 
(the value of which has been clearly demonstrated) can exert a 
force of 15 tons or so with substantially less than 1,000 installed 
horse-power, which is adequate for most ship handling duties, 
but such outputs are dearly bought if at the expense of other 
essential qualities. In this connection the inherent disabilities 
of the fixed-pitch propeller when used in widely differing work 
conditions—running free, towing, static pulling as an anchor tug, 
going astern—are too well known to need elaboration. The con- 
trollable-pitch propeller can remedy some (though not all) of the 
deficiencies, it is true, but taking into account its complication, 
its vulnerability, and certain other peculiarities in use, its 
theoretical benefits have proved to be elusive, if not illusory, in 
practical tug working calling for rapid reversals of thrust. 

When considering manceuvrability, examples of single-screw 
tugs equipped with the Kort rudder and an auxiliary system of 
transverse bow impellers (enabling the bow of the tug to be paid 
off when ordinary rudder reaction is least effective) have shewn 
remarkable capabilities although it is likely that most users will 
continue to prefer the more positive steering characteristics of 
a less efficient twin screw layout in difficult tidal waters, even 
when this is not insisted upon by draught limitations. In recent 
years, however, bridge control over all engine room movements 


Cycloidal Propulsion : 
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Editorial Notes—continued 


has come to be recognised as a sine qua non for precise tug 
manceeuvring. This has undoubtedly been brought about by the 
almost universal employment of medium-speed diesel engines 
whose power characteristics are such that a fairly constant speed 
and unidirectional rotation must be maintained, and this in turn 
has led to the development of the oil-operated constant mesh 
reversing gearbox for marine use. Electric final propulsion does 
of course provide an admirable solution to these difficulties 
though cost and added supervision and the appreciable power 
loss entailed by the double electrical conversion weighs somewhat 
against it. Other designers have been attracted by the controll- 
able-pitch propeller as a means of regulating all ahead and astern 
movements from the bridge, direct transmission and constant 
engine speed notwithstanding. The next step has been to in- 
corporate a Kort nozzle to provide the augmentation of thrust 
and, at the same time, some useful protection to a constantly rotat- 
ing propeller, The results have not been uniformly successful— 
in some examples the choke effect of the nozzle (though this is 
not absolutely conclusive) has made it extremely difficult to 
change pitch from ahead to astern at full engine revolutions so 
that the advantages have largely been negatived. 

It is from this standpoint that one can best examine the poten- 
tialities of cycloidal propulsion as used in the “water tractor” 
which is described in the article referred to. The theory of the 
Voith-Schneider propeller—one of the most elegant mechanical 
devices since the invention of the link motion—has been dis- 
cussed previously in this Journal but examples of it have been 
confined to fore-and-aft arrangements for ferry launches and 
for fire-fighting vessels, for which purposes it is uniquely suited. 
The downward projecting blades are given an oscillatory move- 
ment, once per revolution, as they orbit around the rotational 
centre in such a way that the working surfaces always face 
squarely to a “control point” which is maintained in an eccentric 
position in respect to the rotor disc and remains fixed for each 
setting of the controls. The maximum “pitch” of the blades, and 
therefore the thrust generated, is determined by the amount of 
eccentricity given and the orientation of the axis of eccentricity 
determines the direction of thrust, which is always at right angles 
to it. Thus, if the control point coincides with the centre of rota- 
tion, the blades mill around with zero oscillation, generating no 
thrust; with increasing displacement thrust is delivered up to the 
maximum in any desired direction, although its effectiveness is 
conditioned by reaction from the flow lines under and around the 
vessel (and by interference between propellers) and also, of 
course, by any translational movement of the vessel itself. Con- 
sequently, the underwater form requires very special treatment 
(particularly in regard to the shape and disposition of the append- 
ages) and can properly only be decided after careful model tests. 

The advantages of such a system in a tug are manifold: no 
separate reverse/reduction gearbox is required—speed reduction 
suitable for all mediwm-speed engines (designed for use with 
upward-raking shafts) is embodied in the propelling unit; no 
separate line shaft thrust block is needed, though the thrust of 
the blades must have its counterpart reaction within the linkages 
of the mechanism, through which it is transmitted to the hull ; 
no rudder(s) or steering engine need be provided; the towing hook 
can be mounted right at the stern, allowing a design flexibility 
and possible reduction in overall length, for the tug will always 
take up a favourable alignment with the tow rope so that there 
is no heeling moment—an ever-present danger in orthodox tugs 
with hooks situated amidships. On the liability side, we have a 
vessel which is more troublesome to dock, which may require 
rather more attention to maintain its tune and having a specific 
towline pull somewhat inferior to screw propulsion operating 
under the best conditions. This disparity is steadily being re- 
duced by progressive refinement of design, but it is not in any 
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case the main criterion by which performances should be judge... 


Cased Piles in Marine Structures 

The development of what are termed cased piles in an artic! 
we print in this issue seems likely to have a considerable impac. 
on piling techniques in general. We would refer readers to a» 
earlier discussion of the subject (published in the October 196 
number of this Journal) to which the present article forms a use- 
ful pendant, also to aspects of the Kitimat project (August 1960 
issue) which, though differing in scope and concept, has interest- 
ing reference to the driving of closed-end tubes by means of 
internal drop hammers. 

There are, of course, many in-situ piling methods involving the 
driving of concrete shells, and systems which employ precast pile 
sections which are subsequently sheathed with grout as the 
driving mandrel is withdrawn, All are primarily devised to 
avoid the awkward handling and pitching of somewhat fragile 
members and the punishment they undergo in the process of 
driving, the results of which often go undetected and lead to pro- 
gressive deterioration of the fabric of the pile. Such systems 
allow piles to be tailored to the needs of the site without pro- 
longed pre-piling surveys. Some of them, too, are invaluable 
where there is little headroom or where excessive vibration is to 
be avoided. The new system would seem to embody all these 
advantages with the added one that elaborate driving gear and 
leaders can be dispensed with. Furthermore, concentrating the 
energy of the blow at the point of resistance rather than dissi- 
pating it in shock waves and elastic deformation in the body of 
the pile would seem to be a more rational way of approaching the 
business of driving. 

In the matter of employing close-end steel casings in this way, 
however, special interest attaches to the discovery that when 
fabricated from helically-wound strip welded electrically by an 
automatic process, they can be driven satisfactorily with wall 
thicknesses as small as 10 SWG. The fabrication of tubes from 
coils of strip is not new, indeed, It has been employed for some 
time in the manufacture of water pipes, conduits and culverts 
but its value in the production of ultra-lightweight casings in thin- 
gauge metal is very great. The process is not too complicated 
and widespread manufacturing facilities would obviate the rela- 
tively high freight charges which such bulky objects invariably 
attract. 

These unfilled driven casings lend themselves well to the 
attachment of temporary bracings and should then be capable 
of supporting falsework sufficient to carry what simple driving 
equipment is needed; this is a great advantage in jetty work. 
Although the casings, considered as formwork, have no repetition 
use, this is a small price to pay for the elimination of ordinary 
pile casting with its attendant complications of space, lifting, 
transport and handling. 


The Muncaster Castle Case 

The eagerly awaited judgment of the House of Lords in the 
Muncaster Castle case has now been given. It reverses an earlier 
decision of the Court of Appeal wherein it appeared that, in con- 
nection with the sea-carriage of goods, shipowners might dis- 
charge their statutory duty to “exercise the diligence to make the 
ship seaworthy” by entrusting repair work to competent experts, 
impliedly sheltering behind them if the work was negligently 
done. The final judgment of the highest judicial authority now 
confirms the doctrine of vicarious liability in such matters as a 
settled principle of English law. 

This interpretation given to the Hague Rules is therefore in 
line with the consistent attitude of the American Courts towards 
such cases which, for more than sixty years have been determined 
by the meaning accorded to the Harter Act of 1893: the “Act... 
requires diligence in the work itself.” 
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New Oil Terminal at Kuwait 





Construction of North Pier—Mina al-Ahmadi 





(Specially Contributed) 





Introduction 

In recent issues of this Journal articles have appeared describ- 
ing three major terminals in the United Kingdom; two at Milford 
Haven, one for the Esso Petroleum Company and one for the 
British Petroleum Company and the third at Finnart for the 
British Petroleum Company. These terminals have been built to 
receive and discharge the largest oil tankers at present afloat. 

It is therefore appropriate that there should be a brief article 
describing the construction of the North Pier, Mina al-Ahmadi, 
Kuwait which was commissioned in June 1959 for the loading of 
large tankers; it is from Kuwait that many large shipments of oil 
to those receiving terminals in the United Kingdom are made. 

The production of crude oil from the State of Kuwait has been 
almost beyond belief. In 1934, Kuwait Oil Company Limited 
was formed as a joint British and American enterprise in which 
the then Anglo-Persian Oil Company (now The British Petroleum 
Company) and Gulf Oil Corporation of America became equal 
associates. The Kuwait Oil Company was granted an exclusive 
concession for the production of oil in the territory of Kuwait. 
Deep drilling began in 1936 and had shown good results when war 
broke out in 1939. As a precaution the oil wells were plugged 
in 1942 and operations were suspended until the war was over. 





time Paper No. 19 given to The Institution of Civil Engineers by 
McGowan, Harvey and Lowdon. (See Proceedings, The Institu- 
tion of Civil Engineers, Part II, June 1952.) 

Since 1946 there has been a progressive increase in production 
of crude oil from the Kuwait oil fields, and an increasing demand 
for crude oil throughout the world made it clear that the existing 
loading facilities for tankers should be increased if the Company 
were to be in a position to cope with the then probable future 
demands. In 1956 it was decided to extend the loading facilities 
at Mina al-Ahmadi by the provision of more loading berths, pro- 
posal reports for which were submitted in July 1956 by the Con- 
sulting Engineers. After consideration it was decided that a pier 
should be constructed some four and a half miles north of the 
existing pier, in general accordance with proposals submitted to 
the Kuwait Oil Company by Rendel, Palmer and Tritton. It was to 
be capable of loading crude oil at a maximum rate of 50,000 
barrels per hour (6,750 tons per hour) from any one of its pro- 
posed four berths; this was the start of the North Pier Project. 

On reference to Fig. 1 it will be seen that the State of Kuwait 
is on the western side and at the head of the Arabian Gulf; part 
of its coastline forming a bay in which is situated the commercial 
port of the State of Kuwait. The remainder of the coastline is 
on the Arabian Gulf, which is exposed to storms from the north 
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However drilling recommenced as soon as conditions permitted, 
o be followed by the first shipment of crude oil in June 1946, 
he tankers being loaded by means of sea loading lines from the 
‘oast off Mina al-Ahmadi. 

Production increased to such an extent that in 1949 the Kuwait 
Oil Company commissioned a pier for the loading of tankers (now 
known as the South Pier), with eight berths in 45-ft. of water. 
For a description of the South Pier the reader is referred to Mari- 
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oil loading terminal is north of Fahaheel and lies on this exposed 
portion of the coast. 
Site 

The sea bed at Mina al-Ahmadi is shallow and to obtain the 
45-ft. of water at low water the berths at the South Pier are some 
three-quarters of a mile from the shore. When considering 


schemes for the North Pier it was clear that a pier, having berths 
to take 100,000-ton tankers on an exposed coast, would have 
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Oil Terminal at Kuwait—continued 








Fig. 3. Aerial view of the North Pier when it was nearing completion. 


to be about one mile from the shoreline. It was also essential 
that any new structure should be well away from the South Pier 
and the existing sea loading lines immediately to the north of the 
South Pier in order to give tankers approaching each pier plenty 
of room to manceuvre and to clear most of the submarine pipe- 
lines. 

Another factor affecting the location of the new pier relative 
to the coast was the necessity to have an ample area of deep 
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water on the landward side of the pier in which the mediu 
sized tankers could manceuvre. 

The Consultants considered sites to the north and to the sou 
of the South Pier, and favoured the one to the north, a view whic 
the Company accepted. In September 1956 borings were put 
hand at the proposed site and the first few disclosed a hard lay 
fairly near the surface of the sea bed, but as the borings pri 
ceeded a large area of soft material was located, which resulted 
in a move northward by some 1,700-ft. of the position initial 
proposed for the pier head. 

Test piles were also driven at the site and it was found thi 
the piles could penetrate the hard layers and a design was base 
on the minimum of penetration of 20-ft. into firm material. 

The siting of the new pier relative to the South Pier and th 
shoreline can be seen in Figs. 2 and 3. 


Planning 

The Company required the pier to handle tankers of 100,000 
tons deadweight capacity, about 950-ft. long and drawing 47-50-ft. 
of water when laden. In addition to this, the pier head had to be 
considered from a point of view of the tankers in the 30,000 
80,000-ton range, these tankers being in more general use today. 
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Two 100,000-ton tankers are outlined. 


The Dock & Harbour Authority 











Oil Terminal at Auwait—continued 


A pier head, therefore, to take two 100,000-ton tankers on one 
face requires a minimum length of nearly 2,000-ft. to which has 
to be added the distance between the tankers and the distance at 
either end of the head for mooring ropes. 

A scheme was prepared whereby four berths were shown, two 
berths on the seaward face and two berths on the landward face, 
the head having a straight face layout. The principal advantage 
of such a layout is that a number of small tankers may berth or 
alternatively fewer larger tankers may berth, the larger ones over- 
lapping an adjoining berth. This flexibility of operation had been 
found by the Company to be of great value at their South Pier. 

To serve the new pier the Company planned a new tank farm 
known as the North Tank Farm, comprising 14 tanks each of 
35,000 tons and one of 28,000 tons, on a ridge some 5 miles inland 
from the North Pier and at a level of about 350-ft. above sea level. 
From this new tank farm pipelines were run to feed the berths 
with oil by gravity flow. 


Layout Adopted 

The layout adopted for the pier is virtually a letter “L’’; there 
being an approach leg nearly 5,000-ft. long and the base of the 
“L” being the head of the pier, nearly half a mile long. This part 
runs northwards from the approach leg, except for a short stub 
end which was formed so that at some later date, by the addition 
of a southward arm, the pier could become a “T” shaped struc- 
ture. The length of the pier head first proposed was 3,200-ft. but 
the Company decided to close the spacing of the berths and the 
pier head was built as shown in Fig. 4, 2,300-ft. long. The factors 
influencing the Company in their decision were the few 100,000- 
ton tankers likely to be on the oil trading routes for some years 
to come and the possibility of berthing two such ships at the 
North Pier on the same day was remote. Briefly, therefore, the 
new pier head has been constructed with three loading points on 
the seaward side and two loading points on the landward side, 
but should two 100,000-ton tankers arrive at the same time then 
only these two ships could be accepted on the seaward berths. 
Also the size of the tankers on the inside berths has been limited 
to 42,000 and 65,000 tons. 

Whilst the chances of two 100,000-ton tankers arriving together 
are small at the present time, provision has been made in the 
design of the structure and pipelines for one of the three loading 
points on the seaward face to be removed and the other two re- 
sited to give better loading facilities when 100,000-ton tankers 
call regularly at the pier. 

From Figs. 4 and 7 it can be seen that the layout has been 
planned to give continuous means of access to the inside and the 
outsides faces, the pipelines being along the centre portion of the 
head; crossways have been provided over the pipelines for small 
vehicles to pass from one side to another. The deck has been 
designed for a general loading of 2 cwt. per sq. ft. with a check to 
see that it is capable of taking a six-ton mobile crane. 

The faces of the pier head are provided with fenders which are 
discussed in a later section. Also the pier head has a control 
building and there is a recreational building near the pier head; 
these two buildings are described later. 


Approach Leg 


As previously mentioned, the approach leg is 5,000-ft. long and 
runs from high water mark to a depth at low water of about 60-ft. 
where it joins the head. A typical section of the approach leg 
comprises two vertical broad flange beam piles capped by a heavy 
broad flange beam. These bents are at 16-ft. centres and are 
connected by a truss in the horizontal plane; there are expansion 
joints at regular intervals. 

The approach carries pipelines which span from bent to bent 
and also a 12-ft. wide roadway; which is widened at intervals to 
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Fig. 5. The Approach Leg looking towards the shore. 
provide passing places for vehicles. At about 4,400-ft. from the 
shore a small car park and recreation building have been con- 
structed which involved additional piles and bracing. The road- 
way is of 4-in. timber deck carried on R.S.J.’s spanning from bent 
to bent. A good idea of the length and construction of the 
approach can be gained from Figs. 5 and 6. 


Pier Head 

The pier head seen in Figs. 3 and 7 is 2,300-ft. long and Fig. 8 
shows two tankers loading at two of the three berths on the outer 
face of the head. The head is 136-ft. wide and is supported on 
vertical Rendhex piles connected at their heads by a heavy truss 
in a horizontal plane just below deck level. Transversely the piles 
are connected by a vertical truss. Under normal berthing con- 
ditions blows from a ship are taken through one or more groups 
of four gravity fenders spaced at intervals of 140-150-ft. along the 
pier head; the loads from a group of fenders being transferred 
through the principal truss to piles generally throughout the 
length of the head. This has to be qualified because it could not 
apply to a blow received near either end of the head where 
additional strength has been provided by means of strong points. 
In effect, a blow received near the north or south end of the head 
is taken partly by the vertical piles as they deflect and finally after 
a movement of some 6-in. on to a strong point at eitherend. The 
head and the approach are not fixed to each other because of the 














The Approach Leg under construction. 


Fig. 6 
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Oil Terminal at Kuwait—continued 








Fig. 7. 


problems which arise due to the deflection of the head when a 
tanker berths, expansion of the head and/or the approach and 
thirdly the expansion of the pipelines themselves. 


Pipelines 

The pipework and valve layouts were designed by the Kuwait 
Oil Company and incorporated many features which are new to 
this class of work. Expansion of the pipes is taken by sleeve 
joints which have, for the first time, been made to the size of 
38-in. diameter. At present there are two 38-in. diameter pipes 
and one 40-in. diameter pipe to serve five berths, a system of 
valves being provided to divert the flow from one of the pipelines 
to one of two berths, also there is space for a further two main 
pipelines. In addition there are compressed air lines, high pres- 
sure salt water fire mains, fresh water mains and bunker oil pipes. 
The pier head is also equipped with monitor towers for fire fight- 
ing and small control points, offices and hose handling equip- 
ment. These features can be seen in Fig. 7. 


Hose Handling Equipment 


During the early stages of the construction of the pier con- 
sideration was given to various types of hose handling equipment. 
The principal factor to be considered was a maximum loading 
rate of 6,750 tons per hour at each berth under a gravity head, 
aS opposed to a pumping head, so calling for a design which kept 
friction losses through the equipment to a minimum. The 
necessity to keep the number of men engaged in operating the 
equipment as low as possible was also a matter to be borne in 
mind. The Consulting Engineers developed a partially balanced 
type of equipment which had special joints known as Chiksan 
joints; these joints which connect two lengths of pipe or bends 
and permit rotation of one relative to the other. 

The North Pier, when commissioned in 1959 had loading equip- 
ment at three berths only, the supply of. equipment to the 


320 





The Pier Head showing tankers being loaded. 


other two berths being held in abeyanc: 
Of the three sets installed two are on th 
seaward face and one on the inside fac« 
Each berth loads crude oil at the rat 
quoted and in addition provides facili 
ties for bunkering ships. 





The equipment on the inside berth 
seen in Fig. 9, has been designed an 
built by the Chiksan Company of Cali 
fornia and consists of four 12-in. loadin; 
booms for crude oil and two 8-in 
diameter for bunkering oils. Whilst 
tanker is loading the four 12-in. unit: 
and only one of the 8-in. units are used 
The booms of these units are made uy 
of a number of lengths of tube con- 
nected by the Chiksan Company’s patent 
rotating joint, the equipment being prac 
tically self-balancing once it has been 
connected to a tanker. The booms follow 
the movement of a tanker during load- 
ing, the Chiksan joints permitting verti- 
cal movement and slewing, thus cover- 
ing movements of a tanker along and to 
and from the berth due to tidal condi- 
tions and changes in displacement whilst 
loading. 

The equipment installed on the two 
outside berths was manufactured by 
Sheepbridge Equipment Limited, of 
Chesterfield, working on outline designs 
prepared by Rendel, Palmer and Tritton 
and has four booms, two having a single 8-in. diameter 
boom and the other two having twin 16-in. diameter booms each 
of which is connected to the tanker’s manifold by two 12-in. 
flexible hoses. Each boom is supported on a pedestal which is 
free to rotate in a horizontal plane so providing the required 
slewing action. The booms themselves are carried on a hori- 
zontal axis which gives freedom of motion in a vertical plane. 
The booms follow the movement of a tanker by means of a deck 
line from the tanker’s deck to the boom head. The equipment 
can be seen in use in Fig. 7. 


Recreation and Administrative Block 

This block is sited about 600-ft. from the pier head along the 
approach leg, the distance being such that smoking is permitted 
within the building. The main building has two-storeys carried 
on portal frames over the pipeline track and to the north, at deck 
level, is a single-storey industrial block. 








Part of the Pier Head with two tankers on the outside face. 
The third berth cannot be seen. 


Fig. 8. 
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Oil Terminal at Kuwwait—continued 


Medical and administrative facilities are provided in the main 
building as well as recreational facilities and a cinema for the use 
of tanker crews; these last three items are of great importance 
when it is realised that a tanker of say 60,000 tons will not be at 
he pier for much more than 16 hours to load and therefore 
facilities for the crews must be within easy distance of the pier 
head. The extent and scope of facilities provided may be judged 
from photographs of the building at Fig. 10. 

In front of the building a car park has been arranged on the 
south side of the road and access to the buildings is by two foot 
bridges rising from the car park and crossing over the roadway. 


The Industrial Block 

The Company decided to install as close as possible to the pier 
head, plant required for the maintenance and operation of the 
equipment on the pier head. Accordingly an industrial block 
was built adjoining the building just described. 

A main high tension electrical supply has been taken to a sub- 
station within the industrial block, the electrical supply then 
being available for plant within the block which includes trans- 
former rectifiers for cathodic protection, air compressors which 
provide compressed air supply to the pier head, air conditioning 
plant, workshop equipment and high pressure fire main pumps. 

The industrial block also contains an instrument maintenance 
workshop, stores, and a decompression chamber. All the equip- 
ment in this block was designed by the Company’s staff. 


Pier Control Building 

The pier control building is situated on a tower over the 
southern strongpoint and its first floor is 45-ft. above the pier 
head deck. It houses, on two floors, a signal office on the top 
floor and below, the pier master’s office, the pilot’s room, marine 
general office and the berth operators’ supervisors’ office. The 
building has a commanding view of the whole of the pier head 
and will be in the centre should a southward extension be built. 
A lift is being installed to give access to the offices at the top of 
the tower. 


Construction Adopted for Buildings 


The construction adopted for the buildings is interesting. They 
are steel framed with concrete floors and the cladding consists 
of panels having an outer skin of aluminium sheeting, an air space 
and an inner skin of Asbestolux; internal walls also consist of 
panels, the corrugated aluminium sheeting being sandwiched 
between two layers of Asbestolux. The roofs are pitched and of 
aluminium sheeting and in all buildings there is a false ceiling 
of asbestos sheeting for insulation purposes. 

The panels were fabricated in Cowes by Saunders Roe and were 
adopted in order to obtain a reasonably insulated cladding which 
could be sent to the site in a prefabricated form. 

The recreation building is air conditioned, the cinema being 
the only part of the building cooled by a blown ducted system 
in all other rooms the cooling is done by window units supplied 
with chilled water from a central water chilling plant in the 
industrial block. 

The control building is also air conditioned but by means of a 
special flameproofed water chilling unit at the foot of the tower. 


Minor Buildings and Items 


In a work of this magnitude there are, as seen in Fig. 7, many 
minor items on the pier head. Small buildings for pier operators 
‘omprising an office store and lavatory have been constructed 
rom special glass fibre panels; use has also been made of moulded 
lass fibre for latrines units which were not unlike sentry boxes, 
‘hese being sent to the site from this country and then bolted 
ogether in groups as necessary. 
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Chiksan loading equipment on an inside berth. 


Firefighting towers have been spaced evenly along the head, the 
foam making apparatus being at the foot of the tower. In addition 
a gas-detection system has been installed. 

The handling of ship’s ropes is of especial importance because 
the increasing size of tankers has led to the use of heavier ropes 
and in turn to a larger number of men on the pier head. In 
order to ease their work compressed air operated capstans have 
been sited on the head. 


Corrosion 

A scheme for cathodic protection for the piling has been 
designed by the Company and consists basically of silicon wasting 
anodes. The piles were coated with a coal tar enamel and the 
steel superstructure with chlorinated rubber paint. Considera- 
tion was given to the filling of the piles with water or oil to 
prevent internal corrosion but in view of possible damage to piles 
and loss of liquid they were eventually filled with a sand cement 
mix which was pumped into the piles from a floating concreting 
plant. 


Programme for Construction 

The Company decided to aim for a completion date of early 
1959 and to this end, once drawings were sufficiently advanced, 
orders for the principal materials were placed. Shortly after- 
wards negotiations for a contract were commenced so that, by 
October, 1957 preliminary works commenced at the site at the 
same time as some of the principal items of material were begin- 
ning to arrive. 














Recreation Building and Administrative Office. 


Fig. 10. 
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Oil Terminal at 


The first pile was driven in October, 1957 in the approach and 
the pier head to deck level was virtually complete by January 
1959, and pipework and hose handling equipment were ready to 
load the first ship a few months later. 


Construction 

A contract was placed with Kuwait Bechtel Corporation and 
George Wimpey and Co. Ltd., who commenced first on the 
approach by driving piles from a pileframe cantilevering forward 
from work already completed. The pileframe was closely fol- 
lowed by a mobile crane which handled piles and placed the 
superstructure. 

Once the approach had reached water about 16-ft. deep this 
method was changed, the piles being driven from a floating pile- 
frame which enabled the mobile crane to concentrate solely on 
the superstructure thereby speeding construction. Fig. 6 is a 
photograph taken from the floating pileframe. 

As more plant arrived on the site and the contractors’ organ- 
isation expanded, pile driving was commenced near the centre 
of the head, an island, actually part of the permanent head, being 
first formed. Thereafter the floating piling plant worked to the 
north and to the south. The piles were braced and the steel 
superstructure erected from floating plant until a length of about 
100-ft. had been done, when four derricks were erected which 
moved to the north and to the south fixing steelwork to the piles 
as they were driven from the floating plant. From this small 
beginning (seen in Fig. 11) the pier head grew and Fig. 12 shows 
the approach and the head approaching each other. 

Three floating pileframes were therefore in use, one on the 
approach, one to the south face of the head and the third to the 
north face of the head. This method permitted the movement of 
a frame to another position should the progress on that position 
call for it. Raking piles were driven on the approach at pire 
expansion joints and on the head at the strong points—this work 
being done after the main steelwork was in place. 

As work progressed it became necessary to drive a few extra 
piles when the requirements for the pipeline anchor points and 
for the expansion joints had been settled. 

The reader will, no doubt, be interested to know that over 
3,100 piles were driven and some 17,000 tons of steelwork fabri- 
cated and erected in the pier structure. Pipelines were welded 
together at site there being nearly 16 miles of various size pipe- 
lines involved. The buildings, and items of equipment other 
than pipelines, generally above deck level, were fabricated in the 
United Kingdom before sending to the site for erection. The 
contractor fabricated most of the heavy steelwork on site for 
which purpose a large store yard and workshop was established. 
In this yard piles were welded into lengths of 100 to 120-ft., these 
having been shipped in lengths of 50 to 60-ft. with a few as deck 
cargo in lengths of 80 to 90-ft. 

As stated earlier the first pile was driven in October 1957, the 
pier structure was substantially complete in January 1959, and 

















The start of the Pier Head, all work then being done by 
floating plant. 


Kuwait — continued 





The Approach Leg and Pier Head approaching each other. 


rig. 12. 


the first tanker berthed alongside early in May 1959. It can be 
said that the completion of such a large structure in the open sea 
in so short a time reflects credit on the contractors’ site organisa- 
tion, and on the excellent work done by the Company which, 
amongst other things, did the purchasing and shipping of the 
bulk of the materials. Another important factor was that no 
major change in design was made during the progress of the work 

In addition to the work on the north pier the Company had 
other major works on hand which included the new tank farm, 
pumping stations and pipelines on shore. The co-ordination of 
all these works was effected by the Kuwait Oil Company’s Chief 
Engineer in Kuwait who was in overall control of all the work at 
Kuwait and Consultants’ site staff were responsible for the super- 
vision, within that overall control, of the work on the pier. 

Acknowledgment is made to the Kuwait Oil Company for 
kindly permitting this article and for the photographs to be 
published. 
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Traffic Through Hull Docks during 1960 


In the tonnage statistics for the Hull Docks published by the 
British Transport Commission last month, both the inward and 
outward figures for 1960 were shown to be higher than in the 52 
weeks of 1959. Inward cargo amounted to 6,215,034 tons com- 
pared with 6,040,061 tons, an increase of 174,973 tons or almost 
3.0%. Commodities which provided heavier tonnages included 
ores, timber, iron and steel, chemicals and chemical fertilisers, 
oilseeds and nuts and molasses. Landings of fish were also well 
above the comparable 1959 figure. 

The outward total was 1,948,845 tons compared with 1,878,512 
tons, an increase of 70,333 tons or 33%. Coal, coke and patent 
fuel shipments were up by 160,173 tons, with increases of 97,695 
tons in foreign cargo and 73,275 tons in coastwise cargo. There 
was some reduction in coal shipped as bunkers both to trawlers 
and cargo vessels, Higher tonnages were shown for chemicals 
and chemical fertilisers, machinery, building and road-making 
materials, provisions and vehicles. Total traffic through the Hull 
Docks in the 52 weeks of 1960 was 8,163,879 tons, an increase of 
almost a quarter of a million tons. 
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Some Rehabilitation Works of 
The Thames Conservancy 


Description of Their Design and Construction 


By H. C. BOWEN, O.B.E., M.A., M.I.C.E. and W. E. FOSTER, A.M.I1.C.E. 


[he Thames Conservancy was established by the Thames Con- 
servancy Act, 1857, as a corporate body with the official title of 
“The Conservators of the River Thames.” The Conservators 
succeeded to the powers and duties in regard to the conservation 
of the River Thames which had previously been carried out by 
the City of London for many centuries, and the length of river 
for which they became responsible extended from Yantlet Creek 
in Kent to Staines in Middlesex. The control of the river up- 
stream of Staines remained vested in a body known as the “Upper 
Navigation Commissioners.” 

The works on the Thames under the control of the Upper 
Navigation Commissioners, had fallen into disrepair, and (by the 
Thames Navigation Act, 1866) the Commissioners were disbanded 
and their powers transferred to the Thames Conservancy. This 
led to a period of great activity in the rebuilding of defective 
locks and weirs; the activity continued throughout the remainder 
of the nineteenth century, and many of the works on the Thames 
date from this period. 

In 1908, the provisions of the Port of London Act transferred 
to the new Port Authority the powers and duties of the Thames 
Conservancy in respect of the tidal part of the river, leaving the 
Conservators in charge of the works of the upper, or non-tidal, 
river. 

Some twenty years ago it became evident that provision would 
have to be made for the replacement of many of the nineteenth 
century structures, particularly where timber had been used in 
their foundations and protective works. In 1939 the then chief 
engineer (Mr. R. V. Stock, M.I.C.E.), prepared a 30-year pro- 
gramme for this purpose, and this programme was adopted by the 
Conservators. The outbreak of war prevented any immediate 
action, but a start wa¢ made after the war was over; at the same 
time the programme was reviewed and altered where necessary, 
and fresh estimates prepared in the light of the increase in costs. 
Work on this programme has been in progress ever since and the 
following is an account of some of the improvements effected. 


Marlow Weir 

The weir at Marlow consists of a central deep sill portion 
flanked on either side by long overfalls (Fig. 1) the standard head 
water level at Marlow Lock being 89.19 O.D. Prior to recon- 
struction, the deep sill section consisted of a “rymer weir” 6-ft. 
10-in. deep by 22-ft. 9-in. wide between the concrete abutments. 
On each side of this was a 45-ft. length of shallow “rymer weir” 
with a sill level of 87.31 O.D. and beyond this the long overfalls 
with a crest level of 88.80 O.D. A “rymer weir’ consists of a 
system of removable vertical timber posts with their feet fitting 
nto sockets in the sill and their upper ends supported by a heavy 
1\orizontal timber beam at gangway level; the gaps between the 
osts are closed by tiers of “paddies” consisting of horizontal 
yoards fixed to long vertical handles which enable the paddles to 
e put in or taken out. This is a system which has been used 
mn the Thames for centuries. It is effective enough, and can be 
idapted to deep or shallow weirs by using one, two or three tiers 
of paddles. But the timber work requires much maintenance, 
ind considerable experience and skill is required in its operation. 
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At the end of the war the weir was in such a state that 
complete reconstruction and the installation of modern sluice 
gates was decided upon. Careful thought was given to the pre- 
servation of local amenities, this aspect being of special import- 
ance at Marlow where the old weir was especially well fitted into 
the landscape. The principal aesthetic requirement was that the 
new weir should have no unsightly superstructure and should in 
fact be little or no higher than the existing weir; at the same time 
it was essential that the new sluice gates should be capable of 
being raised clear of flood level. To meet these conditions, sluice 
gates were designed which lift and turn into a horizontal position, 
to lie beneath the gangway when fully open. 


(i) Design 

After consideration of the hydraulic requirements it was 
decided to replace the rymer weirs by two sluices each 11-ft. wide 
by 6-ft. 10-in. deep, flanked on each side by seven counter- 
balanced hand-operated radial gates each 5-ft. 6-in. wide by 2-ft 
6-in. deep (see Fig. 2) 





Fig. 1. Site Plan of Marlow Weir. 


Each of the two sluice gates consists of a j-in. mild steel skin 
plate riveted to a frame of rolled steel angle sections. The gate 
is held in its guides by four 7-in. diameter wheels, two at the 
bottom and two near the top. The bottom pair of wheels are at 
12-ft. 04-in. centres and run on a vertical path of 20 Ibs. F.B. 
rails set in the concrete abutments. The upper pair of wheels 
are at 11-ft. 27-in. centres and run on a path which curves back- 
wards from the vertical to terminate in a horizontal plane. By 
this arrangement lifting the gate causes the top to travel back- 
wards, while the bottom is constrained to travel vertically; when 
the lift is completed the gate lies horizontally underneath the 
weir gangway. 

Three-inch square section mild steel stub axles with their outer 
ends turned to 2-in. diameter and sleeved with stainless steel to 
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The Thames Conservancy—continued 
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Fig. 2. Plan and Elevation of Marlow Weir. 


provide a 24-in. diameter journal, carry the cast steel roller 
wheels which are bushed with phosphor bronze. Lubrication is 
provided by means of a hook-on-type nipple screwed into the end 
of the stub axle and connected by }-in. diameter grease ways to 
the journal. Subsequent gates of this type have been provided 
with a piped system and grease nipples grouped at a more easily 
accessible point, experience having shown this to be a worth- 
while refinement. 

Each gate is raised and lowered by means of two 2-in. circum- 
ference, galvanised, steelwire ropes of 6 x 19 construction which 
wind on to cast iron drums carried on a 4-in. diameter main shaft. 
The lower ends of the lifting ropes are shackled to lugs fixed on 
the front of the gate near the bottom edge. Ball bearing plummer 
blocks carry the main shaft which is rotated by a crank handle 
through a 70:1 worm reduction gear and a 3:1 chain drive. 
The mechanism is self-sustaining and neither brakes nor a pawl 
and ratchet are included although a suspender link is provided 
to support the gate in the fully open fosition; this enables the 
ropes to be inspected and renewed without difficulty. The cast 
iron drums have a spiral groove so that at the commencement 
when loads are greatest, the ropes wind on to a small diameter the 
speed of movement increasing as the gate rises and loads decrease 
while the effort remains more or less constant. 

Staunching at the sides of the gate is effected by means of a 
l-in. diameter half round brass bead fixed to the edge of a 4-in. 
wide by 1/16-in. thick galvanised strip bolted to the gate. Spring- 
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iness of the plate and water pressure acting on it keep the bead 


in contact with the 
set in the concrete. 


machined face of a mild steel staunching guide 


The foundation of the new weir consists of a mass concrete 
apron 2-ft. thick stepped down from a sill level of 82.36 O.D. to 














Fig. 3. 





The old Weir at Caversham Tail side. 
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79.:6 O.D. on the tail side. Mass concrete abutments and a 
central pier 3-ft. wide rise from the apron to house the roller 
patiis and to carry the gangway and lifting gear. 


Caversham Weir 
(i) General Design 


rhe former weir on this site formed the major part of the weir 
system at Caversham and was constructed in 1884 (Fig. 3). The 
central portion consisted of ten timber sluice gates each 6-ft. 
wide by 8-ft. deep, with a small overfall on either side. The 
structure was supported on a concrete apron founded on timber 
piles and contained within lines of timber sheet piling. Due to 
decay of the timber sheet piling serious “blows” had developed 
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Figs. 6, 7. 8 and 9. 
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General details of the new weir, Caversham. 


large cavities. 
Reconstruction was evidently necessary and the preparation of 
detail plans commenced in 1951. 

The maximum rise in head water level at this weir recorded 
during the 1947 flood was 4-ft. l-in., overtopping the banks and 
flooding riverside property including the Conservators’ own 


under the concrete aprons, which produced 


workshops, The opportunity was therefore taken to increase the 
discharge capacity of this part of the weir system by approxi- 
mately 40 per cent. To attain this, deep gates were fitted 
throughout by the abolition of the two overfall sections of the 
weir. Eight radial gates each 11-ft. wide by 8-ft. deep by 12-ft. 
radius, weighing just over 2 tons are provided in the new weir. 

In the design of all weirs reconstructed since the war the aim 
has been to bring the actual efforts required to operate the sluices 
within the unaided capacity of the resident lock keeper. To 
achieve this, and to reduce the time required for hand operation, 
various methods of counter-balancing were considered. The 
most practical way of doing this required a high superstructure 
which was undesirable on aesthetic grounds; it was therefore 
decided to provide electrical operation. 


(ii) Sluice Gates 

The sluice gates (Fig. 4) are of riveted construction fabricated 
from standard rolled steel sections with a j-in. thick skin plate 
curved to a 12-ft. radius. The radial arms are of 4-in. x 34-in. 
x 3-in. angle section gusseted and formed into a box section at 
the pivot. A phosphor bronze bush is fitted through the gusset 
plates and this revolves round a 3-in. diameter pivot pin held by 
a mild steel trunnion set in the concrete pier. Adequate grease 
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Fig. 10. The new Weir at Caversham Tail side. 


ways are cut in the bush and the bearing is packed with grease on 
assembly; a Stauffer pattern lubricator being fitted for further 
greasing as required. 

Staunching is effected by a half-round brass bead mounted on a 
4}-in. wide by 18 gauge galvanised steel strip (Fig. 5). The 
staunching strips are riveted to 2-in. x I|4-in. x }-in. mild steel 
angles curved to the profile of the gate and provided with slotted 
holes for lateral adjustment. A j-in. thick rubber packing is 
inserted between the angle and the skin plate, the fixing bolts not 
being pulled down hard, this provides the slight flexibility 
required. 


(iii) Lifting Gear 


Each gate is lifted by means of two 1?-in. circumference 
galvanised steel wire ropes of 6 x 19 construction, winding on to 
grooved cast iron drums mounted on a 4}-in. diameter main shaft. 
The size of this shaft is determined mainly by considerations of 
deflection. Self-aligning ball-bearing plummer blocks carry the 
main shaft, which is driven by a | h.p. geared motor, through a 
60: 1 worm reduction unit and 4: 1 duplex chain (Fig. 6). The 
motor is geared to give a speed of approximately 100 r.p.m. and 
the output shaft is connected to the worm gear unit by Renold 
chain coupling. The opposite end of the worm shaft is squared 
to take a crank handle which can be used in the event of electrical 
failure. 

From fully closed to fully open position the time of operation 
is 8 minutes. The lifting gear for each gate is designed as a unit 
which was assembled at the manufacturer’s works and delivered 
in one piece thus greatly simplifying erection on site. 


(iv) Electrical Equipment 


Power is taken from the grid at 375 volts, 50 cycles, 3-phase, 
the supply cable being !ed into a control room at the end of the 
weir. The motors are | h.p. totally enclosed 3-phase squirrel 
cage type combined with a pedestal mounted gear box. Housed 
in the control room are the main fuses, meters, main switch and 
control panel which carries 8 direct-on-line electro-magnetic 
reversing contactors, one for each motor. The usual overload 
and no-volt safeguards are also included. The contactors are 
assembled on an ebonite panel mounted in a steel cabinet which 
stands in the middle of the control room floor astride the cable 
trench. A tubular heater thermostatically controlled, is fitted 
in the base of the cabinet to keep the equipment dry. 

Each motor is operated by three push buttons fixed on the 
side of the pedestal. The buttons marked “raise,” “stop,” 
“lower” are mounted in a small cast iron box with a padlocked 
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Fig. 1l. Caversham Weir: the Cofferdam. 
cover, this being necessary on account of the public right-of-way 
which crosses the gangway. A screw-type double acting limit 
switch is fitted to each mechanism to prevent over-winding in 
either direction. 

A small panel mounted in the end of the control cabinet 
carries 8 toggle switches, one being wired into each holding 
circuit. These switches are normally maintained in the “ off” 
position, thus rendering the equipment tamper proof even if the 
push button boxes should be broken open. Waterproof cables 
are led out from the control room to the motors etc., through 
ducts formed in the concrete gangway. These cables connec 
into a waterproof terminal box from which copper sheathed 
mineral insulated cables connect with the motors and limit 
switches. 


(v) Main Structure 

The aprons, abutments and piers are of mass concrete of a 
nominal | : 2: 4 mix comprising an approximate total quantity of 
550 cubic yards. The apron is generally.2-ft. thick, part being 
at sill level 112.37 O.D. and the tail side being at 111.37 O.D. 
Standard Head Water Level, which is also the crest of the gates, 
is 120.37 O.D. Cast into the apron are 14-in. diameter mild steel 
tie rods connecting the head and tail piling, which was cut off 
just below apron level, leaving the lower ends as cut-off piling for 
the permanent structure. 

A 9-in. x 3-in. x 17.46 lbs. rolled steel channel with its upper 
flange machined straight and true is bedded in the concrete 
apron forming a sill on to which the machined lower edge of each 
gate closes. The curved steel staunching guides are bolted to 
the sill channel and are set with a gap of 10-ft. 114-in. between 
them at sill level and 11-ft. at the top. This lead assists in break- 
ing down the adhesion of the staunching strips when the gate is 
raised. 

Mild steel angles 8-in. x 6-in. x 4-in. carry the handrailing and 
gangway which is 4-ft. wide and consists of a cgncrete screed 
supported by “Corite” hollow floor beams which form the ducts 
for the electric cables. 

The piers between the gates are generally 3-ft. thick with the 
upstream ends formed to a curved bull-nose and the downstream 
ends semi-circular. Abutments and piers are fully recessed to 
take the radial arms and pivot bearings. All exposed surfaces 
are bush hammered to provide a pleasing finish to the concrete. 
Figs. 7, 8 and 9 show the general details. Fig. 10 is a view of the 
downstream side of the completed weir and Fig. 11 is a view of 
the cofferdam under construction. 

(to be continued) 
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Pollution of Estuaries* 





A Report on the Results of Three Surveys 





ithe Water Pollution Research Laboratory has made three 
major surveys of polluted estuaries—those of the Tees (1929- 
1933), the Mersey 1933-1937), and the Thames (begun 1949 and 
not yet finished). In this Note some of the more important 
results of these surveys are discussed; it should however be 
emphasised that much uncertainty still remains on many aspects 
of estuarine pollution in spite of the considerable attention which 
has been given to the subject, both in this country and abroad. 

The types of pollution of greatest interest, and the methods of 
survey adopted to study them, are bound to depend to a large 
extent on the purposes which a particular estuary serves or it is 
hoped it may serve. In the present Note the effects of pollution 
are discussed; a subsequent Note, to be published later, will be 
concerned mainly with methods of making surveys of estuaries 
and of interpreting the results obtained. 


Bathing Beaches 

Where there are bathing beaches, interest may be centred on 
obvious signs of polluting matter such as discoloration of the 
water, films of oil or grease, and deposits of sewage solids or 
other objectionable material. The quality of the water will also 
be judged by the numbers of bacteria, and particularly coliform 
bacteria, which it contains. The intensity of pollution of a par- 
ticular beach, as judged by these criteria, may well vary con- 
siderably from time to time, depending on the direction and force 
of the wind, the tidal range and currents, the state of the tide, and 
other factors. Results have been published of surveys of many 
beaches, in estuaries and on the coast, which are subject to vary- 
ing degrees of pollution by sewage". 


Shell Fisheries 

In some estuaries there are commercially important fisheries 
for oysters, mussels, cockles, and other shell-fish. These animals, 
or their planktonic larvae, can be killed as a result of pollution 
(by the presence of toxic substances or by a lack of dissolved 
oxygen) and may be damaged or destroyed by deposition of in- 
soluble materials but, so far as is known, there is not much 
quantitative informatioh on the conditions they will withstand. 
The numbers of bacteria, particularly of faecal origin, in the water 
are important since shell-fish ingest these and cannot then be 
eaten safely until they have been kept for some time in clean 
salt water’. 


Salmon and Other Fisheries 


Unpolluted estuaries normally contain a fish population, and 
the most important effects which may follow from pollution are 
the presence of toxic substances and the reduction in the concen- 
tration of dissolved oxygen to a dangerous level. 

A special case arises where the upper river will support migrat- 
ory fish such as salmon which are of considerable economic 
importance; such a fishery will survive only if the adults and 
smolts are able to pass through the estuary. In the report of the 
Survey of the Estuary of the Tees, previously mentioned, an 
iccount is given of the way pollution by sewage and industrial 
‘fluents was causing the decline of the salmon fishery—now 
‘xtinct—in that river system. It is reasonable to suppose that 
1 salmon fishery, though it will at times suffer damage, will not 
hecome extinct by reason of estuarine pollution if the estuary is 





*A summarised Report of recent work conducted by the Water Pollution 
Research Laboratory under the aegis of the Department of Scientific and 
Industrial Research and published as “Notes on Water Pollution, No. 11.” 
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passable to migratory fish on the average in at least 8 years out 
of 10 at those times of the year when migration takes place, par- 
ticularly during April and May when smolts are migrating to the 


sea. The maximum concentration of toxic substances and mini- 
mum concentration of dissolved oxygen occurring at the times 
of migration are, of course, of particular importance. 


Plants and Invertebrate Animals 

The most extensive biological survey which has been made of 
a polluted British estuary was that of the Tees*. This estuary 
was polluted by crude sewage and industrial wastes (particularly 
coke-oven effluents containing cyanide), both types being dis- 
charged mainly in the central reaches. At each end of the estuary 
there was a varied fauna and flora but in the centre very few 
species were present, the distribution curve for numbers of species 
being U-shaped and generally similar in form to that for con- 
centration of dissolved oxygen. A similar paucity of species 
however was found in a number of unpolluted estuaries and it is 
thought that this is because, most aquatic plants and animals 
being either fresh-water or marine, relatively few are able to with- 
stand the fluctuations in salinity which occur in the brackish 
reaches of estuaries. Other important factors governing the 
variety and abundance of plants and invertebrates are the nature 
and stability of bottom deposits, and the occurrence of solid sur- 
faces such a stones and jetties. It may be that severe pollution 
significantly affects the fauna and flora of some estuaries—but 
little quantitative evidence on this is available. Any quantitative 
assessment would be complicated by the uncertain effect of 
salinity variations on the distribution. Some marine inverte- 
brates are comparatively resistant to cyanide the only toxic 
substance which appears to have been examined in any detail’. 


The Anaerobic State 

If the pollution of an estuary is so great that there is no mea- 
surable concentration of either dissolved oxygen or nitrate over 
an appreciable distance, sulphate will be reduced by bacteria with 
the formation of sulphide. At first this will be noticed as a black 
discoloration of the water, the sulphide having combined with 
iron in particles of silt to form insoluble ferrous sulphide. With 
increasing production of sulphide it will begin to appear in solu- 
tion and finally gaseous hydrogen sulphide will escape to the air 
and may constitute a public nuisance by reason of its foul smell. 

Sulphate is a major constituent of sea water, and large quanti- 
ties are therefore present in the saline reaches of estuaries; the 
Thames Estuary, for example contains about | million tons. Thus, 
production of sulphide is not normally limited by lack of sulphate, 
and is unlikely to be increased by the discharge of sulphate- 
containing effluents. 

So far as is known, sulphide is never produced in significant 
amounts when the water of an estuary contains dissolved oxygen 
or nitrate, but when both have gone, it will then soon appear. 
Thus in estuaries known to be badly polluted—and particularly 
if the extent of pollution is thought to be increasing—it is a wise 
precaution to make regular surveys, if only annually and during 
hot dry weather, to ascertain what reserves of oxygen and nitrate 
still remain in the most polluted reaches. If this is done for 
several years it should be possible to forecast at least approxi- 
mately the time when a nuisance is likely to develop if pollution 
continues to increase at the same rate. 


Mud Deposits 

It has sometimes been assumed that the presence of mud banks 
in an estuary is itself an indication that the estuary is polluted. 
This is certainly not so; many substantially unpolluted estuaries 
in Great Britain contain very large mud deposits. In the Thames 
Estuary the greatest deposition of mud occurs in the neighbour- 
hood of the major sources of pollution by sewage effluents; the 
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Pollution of Estuaries—continued 


same is not true, however, for all polluted estuaries. For 
example in the Mersey the chief deposit, in the form of a single 
mud bank some 5 miles long and joining one shore, is centred 
about 10 miles landward of the chief polluting discharges. It is 
interesting that in two relatively unpolluted estuaries (Lough 
Foyle and the Tay) the shapes of which are generally similar to 
that of the Mersey—narrow at the mouth and with a broader tidal 
lagoon above—the chief mud banks occur in about the same rela- 
tive positions. In the Mersey most of the weight of bottom 
deposits which accumulates is known to be due to the entry of 
sand and silt from the sea, and the sea no doubt is the source of 
much material entering other estuaries. 

The gross composition of Mersey mud‘ was found to be indis- 
tinguishable from that of deposits from substantially unpolluted 
estuaries. It may be that if the comparison were repeated with 
the much more powerful methods of analysis now available, 
differences would be found, but no recent work of this kind is 
known. It has been observed that mud from the central reaches 
of the Thames Estuary has a higher content of organic matter 
than does mud from the less polluted Mersey Estuary; this may 
well be due to the effect of sewage, but the point has not been 
very thoroughly explored. 

In the Mersey, and in a number of unpolluted estuaries which 
have been examined, mud is carried in suspension during the run 
of the tide in the form of large fragile flocs, and in this condition 
the presence of sewage does not appear to affect its rate of sedi- 
mentation at slack water. This rate is rapid, and accounts for 
the very large difference in concentration between half-tide and 
slack water. When the current velocity exceeds a certain value, 
mud which has settled is eroded from the bottom; no difference 
was found between the velocity needed to erode muds from the 
polluted Mersey and other unpolluted estuaries. 

It is reasonable to suppose that the rate of deposition in estu- 
aries may be substantially affected by artificial changes in their 
regime. An estuary used extensively for shipping often requires 
dredging to such an extent that the depth is increased by many 
feet; if solid material is carried in suspension in the water, there 
will then often be a tendency for deposition to occur where the 
depth has been artificially increased. Any estuary which is exten- 
sively dredged is likely also to be considerably polluted since it 
is always the centre of a highly developed area. 

The Mersey Estuary is an example of one in which pollution 
was thought to be impeding navigation by causing silting of chan- 
nels, though no evidence of this was found when the matter was 
investigated*. In cases of this sort the chief interest would lie 
in the discharge of insoluble substances in sufficient quantities 
to form appreciable bottom deposits, or of polluting matter which 
might increase sedimentation and the accretion of mud and silt 
of natural origin. 


Retention in Estuaries 

The water in an estuary moves to and fro under tidal action. 
Fresh water enters from landward sources and at the seaward end 
some of the water is replaced by more saline water. Under 
steady conditions of fresh-water flow and tidal range the net effect 
of these movements would be to maintain constant the distribu- 
tion of salt in the estuary at any given tidal state—the distribu- 
tion changing, of course, throughout the tidal cycle. There is a 
marked difference between different estuaries in the extent to 
which the fresh water passes seaward mainly near the surface and 
salt water enters mainly near the bed. In some estuaries, such 
as the Tees, there may be almost horizontal stratification ; in 
others, like the Thames, there is little vertical salinity gradient. 

In considering the effect of polluting matter on estuary water, 
the period during which a substance discharged will remain in the 
estuary is clearly important. One method of estimating this is 
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to calculate, from the salinity distribution, the total volumy 
fresh water within the estuary below the point of discharge, ; 
to divide this by the fresh-water flow; the quotient gives the m 
period of retention and where this has been checked it is ¢ 
sistent with direct observations of the net seaward movem 
of floats. 

In practice, if a soluble substance, or one which does not se 
during passage, is discharged to an estuary some will reach 
sea in a much shorter time than that given by the mean retentio 
period, and some in a much longer time. Periods of retention i 
estuaries are often long: it was calculated that in the Tees the 
mean time taken to travel 8 miles is 74 days, in the Mersey 19 
miles in 174 days, and in the Thames 62 miles in 20 and 70 days 
respectively with high and low fresh-water flows. 


Effects of Individual Discharges 


As a result of the long period of retention and the mixing 
effects of tidal currents in estuaries, polluting substances accu- 
mulate and their effects are much greater than would be expected 
from the dilution afforded by the volume of water passing a point 
of discharge during a tide; this water already contains polluting 
matter discharged during previous tides. For example, it was 
calculated some years ago that the two principal discharges to 
the Thames Estuary would raise the B.O.D. of the water passing 
during a flood tide by little more than | p.p.m.; yet at the time 
to which this calculation refers it is believed that the polluting 
load from these discharges was more than sufficient to bring 
about anaerobic conditions in the neighbourhood of the outtfalls 
during dry summer weather. 

The effect of a discharge at a given position may, in the first 
instance, be considered to be proportional to the polluting load 
that is the product of the rate of discharge and the B.O.D. or 
other estimate of polluting strength’. There is no entirely satis- 
factory method for estimating the relative polluting strength when 
the discharge contains an appreciable amount of oxidizable sus- 
pended matter. At times when this is being carried in suspension 
in the water it will absorb oxygen. Some of it will no doubt 
eventuaily be carried to sea but some will become incorporated 
in relatively stable deposits on the bed-and in this condition will 
decompose at a much lower rate. 

Owing to tidal effects a liquid discharged to an estuary will 
affect the water both above and below the outfall. Some of it 
may even be carried to a point near the head of the estuary (this 
is obvious from the fact that salt, which may be considered as a 
polluting substance entering from the sea, may reach such a 
point). Indeed the intensity of pollution may be as great above 
the outfall as below it. 

t is calculated that in the Thames Estuary, at times of low 
fresh-water flow, the maximum oxygen depletion which would 
be caused by a given discharge would be roughly halved for each 
10 miles the position of the discharge were moved in a seaward 
direction. The difference between the effects of two similar dis- 
charges entering some distance apart decreases as the fresh-water 
flow increases. 
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Seven years ago we published a report 
on an entirely new type of towing vessel 
which was called the Voith Water Tractor, 
the vessel being named “Bee”’. This 
article gave the reasons for the develop- 
ment of this particular type of towing craft, 
the fundamental features being the bow 
drive and the stable equilibrium between 
propeller thrust and towline pull. These 
features are now firmly established and 
generally known so that the following 
deals only with the special features em- 
bodied in the present construction of this 
tug type. In our first article it was pointed 
out that the development of standard types 
together with the reduction of overall 
dimensions made possible with the tractor 
would be of great interest to owners and 
shipbuilders and should create a demand 
for the tractor. A study of the duties and 
working conditions of tugs operating in 
closed docks and open roadsteads suggested 
that two standard types would suffice to 
keep costs for repeat orders to a minimum. 
This prediction was confirmed and the 
“Hornet” type tractor was repeated many 
times with no change in the engine plant, 
and the results were reported*. Modifica- 
tions were introduced with regard to the 
hull shape though the overall dimensions 
were roughly the same, The original hull 
form had a chine but many of the recent 
vessels have had a round form. No essen- 
tial differences in performance were found 
so that both methods of construction can 
be used. 

There are now 8 standard “ Bee” type 
tractors fitted with a single Voith-Schneider 
propeller size 14 ET/65 having a blade orbit 
diameter of 1.4 m. (56-in. approx.) and with 
6 blades of 65 mm. (26-in. approx.) length. 
The propeller is driven by a diesel engine 
with a speed of about 1200 r.p.m. There is 
no reduction gear on the shaft and the 
bevel gear in the propeller reduces the in- 
put shaft on the pinion to about 135 r.p.m. 
of the propeller rotor. A further 8 “ Bee” 
type of special construction have an out- 
put of 80 b.h.p. This class has proved suc- 
cessful for light towing duties in Italy and 
Japan. 

There are 20 tractors of the 2 x 150 b.h.p. 
“Hornet” type in commission today. They 
are fitted with two Voith-Schneider pro- 
pellers type 14 ET/65 and with similar en- 










































* Translation of an article published in “Hansa” 
No. 30/31, July, 1960. 
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The Development of the Voith Water Tractor’ 





A New Assessment of Tug Performance 
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Fig. 1. 


Water Tractor taking a bow 
in safety. 


gines as in the “ Bee” type tractor. 

The good ship-handling performance of 
the first ““ Hornet ” type tractors in the port 
of Ostend influenced the Norddeutscher 
Lloyd Company of Bremen to build a trac- 
tor to handle large sea-going ships at 
Bremen. It was evident that the output of 
the “Hornet” type tractor was not 
sufficient for this purpose and a new higher 
power type had to be developed. This type 
is referred to as the “Sea-going” or “Ship- 
handling” tractor and the prototype, the 
“Stier” was commissioned by the Nord- 
deutscher Lloyd Company in 1954". This 
vessel is driven by two diesel engines each 


MAIN DATA 


Overall length, 64-ft. 
Moulded breadth, 19-ft. 
Max. draft, 8-ft. 6-in. 
Displacement, 80 tons. 
Engine, 600 b.h.p. 
Propulsion, Voith-Schneider propeller, 
size 20E/125. 


9-in. 


Tm 










of 350 b.h.p. and in common with her suc- 

cessors has two propellers of type 18 E/115 

each having a blade orbit diameter of 1.8 m. 

{about 71-in.) and 4 blades each of 1.15 m. 

(about 45-in.) in length. It was quickly 

realised that in ship-handling with this sea- 

going tractor, the operational technique 
was quite different from that ordinarily used 
with conventional tugs. Furthermore bow 
controlled propulsion virtually eliminated 
the causes which led to accidents, The 
difference in the handling technique and in 
the towing manoeuvres for bow driven trac- 
tors compared with stern driven tugs was 
discussed in detail in an article published in 

1954 in the journal “ Schiffstechnik ”*. 

Substantial safety advantages offered by 
the tractor for the following three man- 
oeuvres are: 

(1) When taking the bowline from a ship 
under way there is no fear of being 
over-run by the ship’s stem (Fig. 1). 

(2) When turning a vessel under way the 
tractor operating forward is not sub- 
jected to dangerous heeling moments. 

(3) When working as a brake and steering 
tug the tractor operates stern first 
without using a towing bridle. 

There are two methods of using the trac- 
tor as a brake and steering tug and the 
choice is determined by the speed of the 
tow. For speeds up to say 4 knots the 


TRIAL RESULTS 


Bollard pull, 7 tons. 

Free speed ahead, 10 knots. 
Free speed astern, 9 knots. 
Turning circle of 360° within 
. . 45 secs. 
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Fig. 2. Ice breaking Tractor “‘Akilles’ side elevation. _Owners: Federation Stevedoring 


Ltd., Kotka, Finland. 
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direct method is used where the tractor is 
towed stern first. Control is given by the 
sideways thrust of the Voith-Schneider pro- 
peller producing the necessary tractive 
forces immediately in the desired direction. 
With this method the tractor is so stationed 
that full braking thrust can be applied at 
any moment. To obtain maximum efficiency 
the towing hook must be fitted well aft to 
ensure maximum distance between the 
point of application of the towrope pull and 
the Voith-Schneider propeller thrust for- 
ward so that there is no capsizing moment. 
Tank tests have shown that the tractive 
forces produced at a speed of up to 4 knots 
are equal to the bollard pull of the tractor. 

For higher speeds of the tow the indirect 
method should be used where the tractor 
lies on the one quarter or the other keep- 
ing speed as required without any braking 
effect on the tow. Steering can speedily be 
made by exerting the requisite thrust to 
give the towline pull; the tractor dropping 
astern for braking action or swinging the 
other side for a contra turning effect. 

















Fig. 3. Ice breaking Tractor “Akilles"’ in 
ice 20-in. thick near Kotka. 


Appreciation of these advantages gave an 
impetus to the demand for the Voith Water 
Tractor and particularly for higher powers 
and thrusts. Today there are 25 ship-hand- 
ling tractors of which 9 have single pro- 
pellers and the other 16 twin propellers 
in sizes ranging from 1800 mm. ((71-in.) to 
2400 mm. (95-in.) blade orbit diameters. 
Difference in appearance as well as in con- 
struction to the original ship-handling 
“Stier” tractor are more obvious than 
with the 300b.h.p. tractors. These differ- 
ences in the large tractors result mainly 
from the varying local working conditions 
and operational requirements. Neverthe- 
less a standard design for this large ship- 
handling tractor should be used wherever 
possible in order to reduce construction 
costs. 

Apart from the three essential types des- 
cribed, other tractors of intermediate sizes 
have been built for special purposes. Three 
such tractors of about 400 h.p. have been 
designed for work in certain roadsteads, 
the hulls of these craft having greater beam 
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Voith Water Tractor—continued 








Fire fighting Tractor of Royal 
Belgian Navy. 


Fig. 4. 


to compensate for draft limitations. Some 
other interesting new vessels recently com- 
pleted are described below. 


Ice Breaker “Akilles” for Federation 
Stevedoring, Kotka, (Finland) 

A 600 b.h.p. tractor was required for 
ship-handling in the port of Kotka. This 
vessel was to operate in ice during the 
period in which the harbour was open for 
shipping in winter, the specification 
demanding that 30 cm. (12-in.) of ice should 
be freely broken while 50 cm. (20-in.) of ice 
should be broken by repeated runs. 

Fig. 2 shows the general arrangement 
plan of this tractor. She has a round bilge 
and both bow and stern have fine entrances. 
Trials revealed that the angle of inclination 


could have been smaller particularly at the 


stern. Both bow and_= stern’ were 
strengthened for navigation in ice though 
originally it was anticipated that all ice 
breaking would be done stern first. For 
better operation in ice the vessel was 
equipped with one Voith-Schneider pro- 
peller size 20 E/125 only. This propeller 
has a blade orbit diameter of 2m. (about 
(79-in.) and is fitted with 5 blades each of 
1.25 m, (49-in.) length. The blade material 
is die-forged rust resisting steel. Despite 
the heavy propeller, an ice protection cage 
was provided to satisfy all safety require- 
ments. As with all tractors a strong aero- 
foil shaped protection plate was fitted be- 
low the blade tips safeguarding the pro- 
peller from ground contact and producing 
moreover a considerable nozzle effect. This 
protection plate is generally mounted to the 
hull by 4 struts. For this particular tractor 
the struts were also fitted with horizontal 
deflection bars placed at a distance of 
200 mm. (about 8-in.). Tank tests show that 
there is no noticeable bollard pull loss from 
fitting these bars and that the free speed 
particularly for such short vessels, is also 
virtually unaffected. On the other hand, 


the arrangement of these horizonta! bars 
provided a complete protection a: ins 
damage by ice. Practice confirmed th: pre. 
dictions of the tank tests. The protection 
device proved effective against heavy | lows 
by ice of 70cm. (28-in.) thickness. Also 
when breaking heavy pack ice no da.nage 
was caused to the protection cage and 
propeller (Fig. 3) although no particular 
care was taken. Ice with a thickness of up 
to 70cm. (28-in.) was broken when yvoing 
ahead as well as astern although this could 
only be accomplished by repeated runs 
giving the added assistance of the dynamic 
forces of the ship’s hull. Without repeated 
runs ice of up to 30cm. (12-in.) thick was 

freely broken. A disadvantage to such a 

protection cage is the tendency for it to 

clog up with a sludge so that it must be 
flushed occasionally by going astern. 

In order to make the Voith-Schneider 
propeller suitable for navigation in ice with- 
out a protection cage, two measures which 
guarantee an appreciable security against 
blows are now employed:— 

(1) The blades are fitted in plain bronze 
bearings. 

(2) The blade shafts with reference to the 
blade width are nearer the leading 
edge. 

The second measure reduces the tor- 
sional moments around the blade axis 
resulting from blows on the leading edge of 
the blade. Furthermore, the maximum 
hydraulic moment is reduced. Free speed 
tests with model propellers and with the 
blade axis relocated towards the leading 
edge show no detrimental influence on the 
efficiency at high load values. Under 
bollard conditions the efficiency factor is 
slightly increased and only under small load 
factors—which are of no consequence for 
tug boats—is the efficiency reduced. 


Tractor for the Port of Copenhagen 


The tractor for the port administration of 
Copenhagen commissioned in spring 1960 
was equipped with a propeller of this new 
design as she was also to operate in ice. 
Accordingly the propeller has blades in 
plain bearings with the shaft located 
approximately in the first third part behind 
the blade leading edge. This tractor func- 
tions additionally as a firefloat and has a 
pump capacity of 1850 g.p.m. at 10 atm. 
gauge pressure and a foam capacity of 6340 
g.p.m. The prime movers for the Voith- 
Schneider propeller as well as for the fire- 
fighting equipment are two General Motors 
engines driving the single Voith-Schneider 
pinion shaft through spur gearing. 


Fire Fighting Tractors for the Belgian Navy 


Among the recent new vessels are 10 
tractors each of 300 b.h.p. for the German 
Federal Navy and for the Royal Belgian 
Navy. Of particular interest are those for 
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the Belgian Navy where a combination of 
tractor and firefloat was attempted for the 
first (ime enabling these vessels to have 
wider use (see Figs. 4 and 5). In spite of the 
small overall length of 16m. the extreme 
stern position of the towing hook gave good 
deck space for accommodating the crew for- 
ward and the bulky fire fighting equipment 
above the engine room skylight. It is of 
interest to note the continued adoption of 
push rollers copied from the early 
“Hornet” type tractors of the Belgian 
Navy. These push rollers which have ap- 
parently proved suitable provide a soft 
pushing action to warships having wooden 
hulls or hulls of thin sheet steel. They 
avoid damage to the ship’s skin particularly 
in a seaway and prevent the bow being 











Voith Water Tractor—continued 


pressed down under the fender when the 
ship is rolling. 

As in all other tractors of the “ Hornet” 
type the two Voith-Schneider propellers 
type 14ET/65 are arranged in the forward 
part of the hull. They are each driven by 
a high speed diesel engine of 1250 r.p.m. 
through a universal joint shaft and hydrau- 
lic coupling. The shaft extension on the 
opposite end of these engines drives the 
fire fighting pumps through a coupling, the 
pumps having a capacity of 1985 g.p.m. at a 
pressure head of 120 m. These tractors have 
a towline pull of 4 tons and a free speed of 
9.2 knots. The stopping time from full speed 
ahead was 9 seconds and for a full 360° turn 
35 seconds was required. These times 
are somewhat less favourable than those 


MAIN DATA 
Length between perpendiculars 
52-ft. 6-in. 


Moulded breadth, 17-ft. 

Draft, 6-ft, 6-in. 

Engines, 2 x 150 b.h.p. 
Propulsion, 2 Voith-Schneider 
propellers, size 14ET/65. 
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Fire Fighting Tractor of Royal Belgian Navy. General Arrangement Plan. 











One of two 750 b.h.p. Voith Water 
Tractors of the Urag Co., Bremen. 


Fig. 6. 


obtained with the other “Hornet” trac- 
tors* because the ship’s weight was in- 
creased from 27 tons of the prototype to 
50 tons for the present vessels of this class. 
This increase in weight must be attributed 
mainly to the fire fighting equipment and 
the increased bunker capacity. 
Ship and Barge Handling Tractor for the 
River Rhine 

A ship and barge handling tractor for the 
river Rhine near Oberhausen was subject to 
the severe draft limitation of 1.5 m. which 
made it necessary to increase the hull 
dimensions, particularly the beam. Further- 
more it was necessary to accommodate en- 
gines of 2 x 250 b.h.p. instead of the cus- 
tomary 2 x 150 b.h.p. for the standard type 
tractor. For this reason the heavier pro- 
pellers size 14 E had to be used so that the 
whole machinery plant was correspondingly 
heavier. The larger beam turned out to be 
favourable and as the vessel was built for 
a flow at the buttock lines only, the ship’s 
speed was barely affected. A free speed of 
approximately 10.2 knots was obtained. The 
bollard pull amounted to 6 tons, a figure 
which is more than sufficient for handling 
work on the river Rhine. 
Single Propeller Tractors for 
Middlesbrough and Bremen 

Figs. 6 and 7 are examples of the largest 
single propeller tractors ever built. Two 
are in operation for the Tees Towing Co. 
Ltd. at Middlesbrough and two more are 
for the Unterweser-Reederei at Bremen. 

The vessels are each fitted with one pro- 
peller having a blade orbit diameter of 
3.0 m. (121-in.) and each having 6 blades. 
The speed of the 750 h.p. diesel engine is 
reduced within the propeller to a rotor 
speed of 59 r.p.m. 

Tests with these tractors gave the follow- 
ing results:— 

Bollard pull steady, 9 tons. 

Free speed, 10.5 knots. 

Time for 360° turn, 35 seconds. 

Stopping time from full ahead, 12 

seconds, 
Stopping distance from full ahead, 100-ft. 
(14 tractor lengths). 
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Fig. 7. One of two 750 b.h.p. Voith Water 
Tractors of Tees Towing Co. Ltd., Middles- 
brough, 


The twin propeller tractor is  dis- 
tinguished by her more favourable specific 
towline pull and by the available safety in 
case one unit should fail. The single pro- 
peller tractor gives the larger transverse 
thrust and is therefore particularly suitable 
as a brake and steering tug and for tow- 
ing alongside. For instance a tractor, if 


made fast alongside the after end of a ~ 


floating dock, would steer the dock by for- 
ward or astern thrust pushing it simul- 
taneously by directing the main thrust of 
the Voith-Schneider propeller athwartships. 
Braking is effected instantly by going hard 
over the other way so that the propeller 
thrust is changed from one side to the other. 
For such tasks the high transverse thrust 
of the single propeller tractor is particularly 
useful. 


1000 b.h.p. Tractor for Antwerp 


In the Autumn of 1959 the Antwerp 
Port Administration, who were already 
operating two tractors of 2 x 150 b.hp., 
commissioned two further tractors each of 
2 x 500 b.h.p. These tractors were built 
according to the general arrangement plan 
(Fig. 8). Each tractor (Fig. 9) was equipped 
with two propellers size 20 E/125 and each 
unit is driven by a diesel engine of 500 b.h.p. 
at 625 r.p.m. The ship’s lines were designed 
in close co-operation with J. M. Voith, 
G.m.b.H. whose practical experience and 
extensive tank tests with the many craft 
previously built was used to advantage. 

Several weeks after commissioning these 
very large tractors for the Port of Antwerp, 
the Port Administration, in co-operation 
with the consultants, Messrs Maihak, con- 
ducted performance tests on one of the 
tractors and the following are some of the 
results obtained. 

Fig. 10 plots propeller pitch, speed and 
power requirements for free running speed 
conditions. The pitch curve is a percentage 
of the maximum pitch of the propeller 
blades. It will be seen that for the installed 
power of 2 x 500 b.h.p. a free speed of 21.4 
km/hour or about 11.5 knots is obtained 
with maximum pitch, which means that 
the propeller unit is properly dimensioned 
for free speed. 7 
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Voith Water Tractor—continued 
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Fig. 8. 


General arrangement plan of the 1000 b.h.p. Voith Water Tractors for the Port 


Administration of Antwerp. 


Fig. 11 shows the results of static bollard 
pull tests with the engine running at operat- 
ing revolutions and the pull varied by 
means of the propeller pitch. The diagrams 
show that the full power of 1000 b.h.p. is 
obtained at the slightly reduced engine 
speed of 602 r.p.m. but that the propeller 
pitch amounts only to 77.5 per cent of the 
maximum pitch. The towline pull of 13.5 
tons corresponds to a specific towline pull 
of 13.5 kg/h.p., a figure which can be 
regarded as good for the full load point of 
a ship-handling tug. In Fig. 12 further 
static bollard pull results are shown and in 
this series a combined speed and pitch 
variation was measured. Beginning at 
273 r.p.m. (point A) and full pitch the speed 
was increased to such an extent that the 
engine speed controller was at its upper 
limit stop, i.e. the torque of the diesel en- 
gine was fully used by the propeller. From 
point B on, the pitch was reduced and 
simultaneously the speed increased to 
602 r.p.m. Thus the full load point C. (refer 
also to Fig. 11) was reached again, at which 
with 1000 b.h.p. a bollard pull of 13.5 tons 
was obtained. 

With the aid of pitch adjustment one is 
able not only to apply the full engine output 
of 1000 b.h.p. at free speed (Fig. 10) as well 
as under static bollard conditions (Figs. 11 
and 12) but also at any intermediate speed. 
The nominal engine speed and the nominal 
torque are always applied so that optimum 
speeds and towline pulls are obtained. 














One of two Voith Water Tractors 


Fig. 9. 
with 2 x 500 b.h.p. for the Port Adminis- 


Antwerp “crabbing (moving 


athwartships). 


tration of 


With fixed pitch, the nominal engine 
speed would be obtained only under a cer- 
tain speed at full engine torque, while at 
all other speeds, particularly during free 
speed and under static bollard pull condi- 
tions, either the torque or the engine speed 
would be impaired. > 

By referring to the above measurements 
the following comparisons may, for 
example, be made: 

A fixed pitch propeller laid out accord- 
ing to Fig 10 for free speed is given a pitch 
of 1 so that with 1000 b.h.p. the vessel will 
reach the maximum free speed. When 
working under bollard pull this unchanged 
pitch would produce only the operating 
point B (Fig. 12) as the full torque of the 
engine would have been consumed. Only 
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an output of 710 b.h.p. could be applied 
corresponding to a towline pull of 10.8 tons 
as compared to 13.5 tons (point C) obtained 
with a propeller with variable pitch. 

The conditions are similar if a fixed pitch 
propeller is laid out for static bollard pull 
conditions with a pitch of 0.775. With 1000 
b.h.p. a towline pull of 13.5 tons (Point C, 
Fig. 11) would then be obtained. At free 
speed with this pitch and at the nominal 
engine speed only 520 b.h.p. would be ob- 
tained from the engine and instead of 21.4 
km/hour (11.5 knots) for the variable pitch 
propeller a speed of only 16.8 km/hour (9.1 
knots) would be reached (Fig. 10). 

In practice a fixed pitch propeller is not 
laid out for one or the other extreme posi- 
tion, but for a compromise speed so that for 
the extreme conditions, namely free speed 
or static bollard pull, certain losses are 
accepted. For this compromise speed the 
fixed pitch propeller is giving just the right 
performance which means that for this 
speed the full torque will be applied at the 
nominal speed of the engine. An example 
taken from these measured figures on a 
selected pitch of 0.86 shows the following: 

With 1000 h.p. at nominal revolutions the 
speed was 10 km/hour (5.4 knots) and 11 
tons towline pull. Under a static bollard 
pull, the speed of the engine is reduced to 
such an extent that the output is down to 
870 h.p. giving a towline pull of 12.3 tons as 
against 13.5 tons for the variable pitch pro- 
peller. Furthermore under free running con- 
ditions full torque cannot be fully applied 
so that the output is only 620 b.h.p. with a 
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Fig. 10. Results of free speed measurements 
aboard a 2 x 500 b.h.p. Voith Water Tractor. 
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Voith Water Tractor—continued 


free running speed of 9.75 knots compared 
to 11.5 knots for variable pitch propellers. 
Thus the variable pitch propeller is of par- 
ticular advantage to the ship-handling tug 
which has to work under extreme operating 
conditions—from the static bollard pull 
exerted when towing a vessel to the free 
speed when heading for the service area or 
when accompanying the tow. 

For low powers it is possible to get higher 
towline pulls per h.p. than those shown in 
Fig. 11 which were obtained by reducing 
the pitch. For example by reducing the 
speed of the engine, it will be seen that for 
680 b.h.p. and full pitch (Fig. 12) a pull of 
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at full engine speed and pitch variation. 


10.7 tons is obtained as opposed to only 9.35 
tons in Fig. 11. Or with full engine speed 
and a pitch of 0.64 a specific towline pul! of 
13.75 kg/h.p. is obtained whereas with the 
reduced engine speed of 452 r.p.m. and full 
pitch with the same output, a pull of 15.75 
kg/h.p. is given. 

The principle adopted in service is to 
select the speed range with relation to the 
specific task and the anticipated maximum 
output. In this particular example 400 
r.p.m. would be used for a small displace- 
ment tow while 500 r.p.m. would be 
required for a ship of medium size and 
600 r.p.m. for a heavy tow. 

Performance measurements were also 
made on both shafts of tractor No. 42 of 
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engine speed and propeller 


pitch variation. 


at combined 


the Port Administration of Antwerp during 
ship-handling manoeuvres on the 19th 
March 1960. The tractor worked as a 
bow tug and, after swinging the tow, as 
the brake and steering tug. The ship in 
question “Mayasan Maru,” has the follow- 
ing dimensions: 

Length O.A., 510-ft. 

Beam, 65-ft. 6-in. 

Gross tons, 9558 

Draft, 19-ft. 

Displacement, 11,000 tons. 

In Fig. 13 the power requirements are 
given for the entire manoeuvres lasting 
from 4.06 p.m. to 4.30 p.m. They started 
with towing the vessel away from the pier 
with an output of 250 b.h.p. on each engine. 
After five minutes the tractor having given 
the tow sufficient forward speed throttled 
her own output to 2 x 100 h.p. to accom- 
pany the tow without tractive effort. The 
turning basin was reached in a total time 
of 8 minutes and a short peak of 2 x 300 
h.p. is shown for about 1 minute to com- 
mence turning. During the next 3 minutes 
the power was reduced to a total of only 
150 h.p. because another ship was passing 
through the turning area. When this vessel 
was cleared turning was completed for 
which a maximum of 2 x 350 h.p. was used 
for about 1 minute only. The power was 
then reduced to 2 x 250 and this output 
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maintained approximately until the vessel 

was made fast in her new berth. The 

average power requirements during these 

24 minutes amounted to 450 h.p. only com- 

pared to the maximum power of the tractor 

1000 b.h.p. 

From this diagram the following informa- 
tion can be obtained:— 

(a) During ship-handling manoeuvres the 
tractor is subjected to wide variations 
in output. 

(b) Maximum bollard pulls are required 
for short periods only. 

(c) For handling freighters of 11,000 tons 
displacement a tractor with an output 
of 600 b.h.p. will be sufficient. 

(d) During the ship-handling manoeuvre 
the tractor had applied a mean specific 
towline pull of 17.1 kg/b.h.p. (1.68 
tons/100 b.h.p.) corresponding to a 
mean performance of 450 b.h.p. 

From the diagram it can be seen that 

the real specific towline pull for a ship- 
handling manoeuvre even in a highly loaded 
tug is higher than generally assumed on the 
basis of the total power and the swept area. 
For long distance work the specific towline 
pull is of major importance but for ship 
handling other factors predominate when 
assessing the overall economic efficiency of 
the towing vessel. Despite this, however, 
it is desirable to raise the specific towline 
pull in ship-handling tractors as much as 
possible and the following measures have 
been taken to make this effective. 
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Fig. 13. 


(1) The use of five bladed propellers in- 
stead of four bladed. 
(2) A more favourable position of the pro- 
peller protection plate with relation to 
the blade orbit together with an im- 
proved profile to the plate. Extensive 
tank tests on protection plates at 
Messrs, Voith’s own Heidenheim tank 
and subsequently in the tanks at Ham- 
burg and Wageningen have resulted in 
a 10%, improvement in the static bol- 
lard pull. 
For extremely high bollard pulls engines 
should be chosen capable of being over- 
loaded for say 5-10 minutes which is the 
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Voith Water Tractor—continued 


maximum time needed to cover any peak 
load demand. The Voith-Schneider pro- 
pellers are of course designed so that these 
peak loads can be transmitted without any 
detrimental effect. Manoeuvrability is of 
greater importance to ship-handling tugs or 
tractors than is the magnitude of the speci- 
fic or bollard pull. Investigation of a few 
characteristic movements of the tractor 
proves its quick reaction to the required pre- 
vailing situation. This high manoeuvrability 
assures the tractor being in position at the 
right place and at the right time to bring 
the necessary forces to bear either through 
the towrope or by direct contact. This gain 
in time reduces the force which would 
otherwise be required. Ship handling gener- 
ally calls for a certain kinetic effort which is 
a product of power and time applied to the 
object under tow. The longer the time 
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Fig. 14. Diagram of forces. 
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Engine output of a Tractor during ship handling manoeuvre. 


used for the “ pull” the less power must be 
expended to give the same effect. The 
power-time factor is favourable to the trac- 
tor because she can be quickly manoeuvred 
to the desired position by virtue of the 
ability to direct the thrust in any direction. 

If, for example, the propulsive forces 
exerted on a tractor are plotted from one 
point in direction and magnitude a twin 
propeller tractor shows an elliptical dia- 
gram whilst the one propeller tractor is 
almost a circle (Fig. 14). The static bollard 
pulls ahead or astern are approximately 
equal and the transverse thrusts exerted by 
the Voith-Schneider propeller are only 





slightly less than the thrusts exerted in he 
longitudinal direction. This diagram of 
forces for normal screw tugs has a fun ja- 
mentally different shape. For these ¢ igs 
the forward pull is substantially gre ter 
than the stern pull whilst transverse fo) ces 
ean be obtained only in relation to he 
longitudinal forces which result in a < ia- 
gram somewhat like a slender figure of 
eight. 











Fig. 15. 


Securing a Voith Water Tractor 
for handling dumb craft without steering 
equipment. 


These diagrams of power vectors may be 
considered as the criterion for judging the 
efficiency of thé towing vessel since the 
longer the vector for the stern pull the 
quicker is the tug able to brake and the 
greater the vectors athwartships the higher 
is her manoeuvrability.. 

Thus the power vector should be as large 
as possible in any direction. The greater 
the area covered by these power vectors, 
the greater is the working capability of the 
tug. This area can therefore be regarded 
as a measure of efficiency. It is clear that 
the Voith-Schneider propeller equipped 
Water Tractor having a large working area, 
even at low forward pulls, has highly 
efficient working capabilities. 

From the foregoing it will be appreciated 
that the tractor is able gpeedily to change 
her position as dictated by the prevailing 
demand. In many instances she can make 
fast alongside and without changing posi- 
tion in relation to the tow exert a thrust to 
produce forward astern or athwartship 
movements, This method of handling ships 
has the great advantage that a single trac- 
tor will be sufficient for manoeuvres which 
would normally require two tugs. This 
procedure should be adopted particulariy in 
close waters requiring absolute ship-hand- 
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ling safety and where instant braking is 
needed. The point of application of the 
towline and the method of securing should 
be related to the power vector so that maxi- 
mum forces are exerted on the tow. (See 
article on this subject, entitled “ Tractor 
Manoeuvres ”*.) 

The following is one method of securing 
the tractor which has proved most suitable 
for handling vessels without any steering 
equipment such as dumb floating cranes 
and other pontoons. The tractor makes fast 
at one end of the pontoon firmly secured 
at the stern and with the forward end 
secured either by a back spring or com- 
pletely free as shown in Fig. 15. Either of 


Voith Water Tractor— continued 


In a similar manner the tractor can be 
secured to the bows of push barges either 
singly or in train in order to improve the 
barge train’s manoeuvrability and to pre- 
vent drifting from one side or the other 
when rounding narrow river bends. 

The rising number of fatal accidents in 
handling deep sea vessels has resulted in 
the increasing use of water tractors in many 
countries. Mention has been made above 
of some of these tractors which are already 
in operation (Fig. 9) and many other trac- 
tors of even greater outputs are now build- 
ing. In this category are the two new trac- 
tors for Messrs. Smit of Rotterdam each of 
which will have 2 Voith-Schneider pro- 


pull of approximately 16 tons. Other pro- 
jects under consideration are tractors 
having static bollard pulls of between 25-30 
tons. 
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these methods allows the tractor to pull as 
well as push and also to steer the object. 


Container Traflic 


The transport of cargo in containers becomes more important 
to port operators every day. At present, this method is mainly 
confined to short sea and coastwise trades and also to special 
ships and certain berths. Since, however, there is no doubt that 
it will develop, efforts to standardise containers, ideas for con- 
tainer pools and the improvement of gear to handle containers 
will be of interest also to operators at deep sea berths. 

An exhibition of containers and modern cargo handling equip- 
ment was held recently in New York. During the discussions 


-and lectures at this “Cargo Handling Exposition and Symposium” 


it became clear that most speakers believed it was necessary to 
attain the interchange of containers with all forms of transport, 
which, in turn, implied a need for standardisation. It was also 
considered that steamship operators in the United States, 
although having indicated universal interest in the use of con- 
tainers, were unanimous in their desire to rid themselves of prob- 
lems which accompanied the container operation, particularly 
those which arose in container movement which went beyond 
the port to port concept. In the symposium, the following scheme 
was set out. ’ 
International Container Pool 
(a) Participants 

The container pool could be established by companies now 
owning containers regardless of the type of container, regardless 
of the type of company. Participants to the pool could contri- 
bute all or a portion of presently owned containers so that addi- 
tional capital investment would not be required. 


(b) Aim 

The aim would be to provide a world-wide pool of shipping 
containers available to participants at lower cost and greater 
flexibility than can now be realised by any individual owner. 


(c) Plan of Operation: 

1. Container Pool Depots. The pool should establish depots 
it strategically selected terminal points throughout the world to 
nrovide availability of containers to subscribing associates when 
ind where needed. 

2. Central Record Control. The pool should provision the 
depots by maintenance of a central record control and container 
lespatching system that would be responsible for keeping the 
proper inventory balance of containers at the pool depots, to sup- 
oly the needs of subscribing associates. 

3. Central Cost and Accounting. The pool should provide a 
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central cost and accounting system to collect and distribute all 
costs of container purchase, maintenance, repair and operation, 
thereby reducing clerical costs to a minimum and relieving sub- 
scribing associates of the necessity of maintaining individual cost 
and accounting records on containers. 

4. Repair and Overhaul Facilities. The pool should manage 
and direct, in conjunction with container pool depots located at 
selected key points, a repair and overhaul service planned to keep 
their containers in useful operating condition at all times. 

5. Repair and Overhaul Standards. The pool should develop 
and apply standards of materials and workmanship for container 
repair, overhaul or modification planned to keep containers in 
productive operation with least amount of time lost due to mater- 
ial or parts failure. 

6. Container Replacement Programme. Cost records per 
container should be maintained to record the costs of repair and 
maintenance of individual containers. It would be the responsi- 
bility of the container pool periodically to justify the purchase of 
replacement containers for those in the inventory which were 
obsolete or too costly, based on factors of age, repair or mainten- 
ance cost and useful life. 

7. Container Design and Construction Standards. The pool 
should sponsor and underwrite development of design and con- 
struction standards to provide interchangeability of container 
parts and components, durability and wear resistance of materials 
in order to hold repair, maintenance and replacement costs as low 
as possible. 

8. Container Use Programme. In consuitation with subscrib- 
ing associates, shippers and transportation consultants, the con- 
tainer pool should maintain an active world-wide study of 
container uses and applications and act as a clearing house for 
information regarding containers and container packing methods. 


9. Container Construction Programme. In addition to the 
container replacement programmes, the container pool should 
conduct market research to develop and predict trends of con- 
tainer usage which justified advance construction and distribution 
of cargo containers in anticipation of their required use by sub- 
scribing associates or other container lessees. 

10. Container Leasing Programme. The container pool should 
develop a schedule of container leasing fees which would take 
into consideration rentals to subscribing associates as well as 
non-participants. 

It was considered that a container pool of this nature would 
make available the latest and best types of container equipment 
and eliminate the need for capital investment by individual firms. 
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Cased Piles and their Application 


Summary 

Cased piles, which are a relatively new 
type of concrete bearing pile, have been 
used on a large number of sites since the 
beginning of 1959. This article describes 
them and their use in six maritime struc- 
‘tures. 
Cased Piles—Description 

Cased piles are essentially concrete bear- 
ing piles with a permanent thin steel tubu- 
lar casing, and are suitable for the founda- 
tions of buildings, bridges and any other 
structures for which precast or cast-in-place 
concrete piles are normally used. In general 
the piles are driven to full penetration into 
soil, but as will be seen from the examples 
to be described, cased piles have also been 
used in jetty and similar type structures 
where the piles are exposed above soil level. 
A cased pile is formed by welding a thin 
flat steel plate shoe to the bottom end of 
the casing and then driving it into the 
ground, to the required resistance using a 
special internal drop hammer. The pile is 
then completed by filling the casing with 
concrete. The thin casing is not withdrawn 
and remains permanently in the ground, 
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setting and hardening. For piles driven to 
full penetration into the ground no internal 
steel reinforcement is necessary apart from 
short bonding bars to connect the concrete 
filling to the pile cap. However, for piles 
which project above soil level it is usual to 
add internal reinforcement extending from 
the top of the pile down to a point a short 
distance below soil level. Eventual corro- 
sion of the exposed portion of the casing 
after a long period of time will leave a cir- 
cular column of sound reinforced concrete. 


Driving With An Internal Drop Hammer 

Driving is normally carried out with a 
special cylindrical drop hammer operating 
inside the casing and striking on a plug 
of very dry concrete deposited at the base 
of the casing (Figs. 1 and 2). 

For either vertical or raking piles the 
casing may be supported during driving by 
several simple methods as follows: (a) using 
a timber trestle or the equivalent (similar 
to that employed for supporting steel sheet 
piling during driving), (Figs. | and 10); (b) 
using “gates” at two levels supported on 
the bracing of a cofferdam (Fig. 2); (c) using 
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Flat Steel Plate 

















Fig. 3. Town Quay, Southampton. Showing 
internal drop hammer, and casing pitched 
in special “‘trestle’’ support. 


“gates” at two levels-cantilevered forward 
from piles already driven (Fig. 11).  Allter- 
natively, the casing may be guided during 
driving by means of leaders mounted on a 
light pile frame (Fig. 9) or by leaders sus- 
pended from the jib of an excavator crane 
which also operates the hammer (Fig. 7). 
In the first three cases just mentioned the 
internal hammer is suspended from the jib 
of a crane having a winch of suitable capa- 
city to operate the hammer. In the case of 
jetty type structures the crane may be sup- 
ported on piles already driven (Figs. 10 and 
11). If necessary, the crane may in appro- 
priate conditions be mounted on a suitable 
barge. When a pile frame is employed it 
will usually incorporate its own winch for 
operation of the hammer, It will, however, 
be seen that the use of a pile frame or hang- 
ing leaders is not essential and that cased 
piles can be driven with no special driving 
equipment other than the internal drop 
hammer if a crane of suitable size is avail- 
able at the site. 
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Cased Piles—continued 
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CASED PILES — 


iS@N°5 gauge (0-212in thick) 
70/ 8Oft long, base driven 
with a 3ton internal drop 
hammer. 
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It is worth noting that, as the casing is 
very light in weight and because the 
hammer strikes at the base, the support re- 
quired for the casing during driving need 
not be as substantial as would be required 
for a pile of any type being driven by a 
hammer striking at the top of the pile. 
Because the casings are light in weight, 
handling and pitching present no problem, 
and no special lifting points are needed as 
with precast concrete piles; any length of 
casing can be lifted at one end if necessary. 
In some cases, when «working over deep 
water, the lightness of the casings may 
mean they will float and not sink down to 
soil level, but this can be overcome by 





















I. 


Fig. 4 (left). 


Fig. 6 (right). 








weighting the casings temporarily until 
they have been driven a short distance into 
the soil. 

Immediately before driving is started a 
plug of dry concrete having a compacted 
height of about 24 times the pile 
diameter is deposited within the casing. 
Experience has shown it is essential that 
the plug concrete, of 1:2:4 mix, should be 
very dry with a water-cement ratio not 
exceeding 0.25 by weight, corresponding 
to roughly half the amount of water used 
in a normal concrete mix. Driving should 
not continue on a plug beyond a period of 
1 to 14 hours from the time of mixing of 
the concrete, and after this period a further 


Car Ferry Terminal, Portsmouth. 
part of structure. 


Fitting-out Quay, Portsmouth. 
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||  70/eOft long, base driven 
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Cross section of 


Cross section of the 
quay. 


but smaller charge of similar freshly mixed 
concrete has to be added. After driving has 
been completed the casings can be in- 
spected, for instance, by lowering an elec- 
tric light to the bottom. 

For filling the piles concrete of 1:2:4 
mix but with a normal water-cement ratio 
is used and is dropped into the casings from 
the top. Tests which have been carried out 
confirm that the resulting concrete is sound 
and free from any segregation even for very 
great dropping heights. It is only in special 
cases where heavy internal reinforcement is 
used that it may become necessary to in- 
crease the cement content of the mix and 
possibly also to vibrate the concrete. 
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Fig. Car Ferry Terminal, Portsmouth. 


Fig. 7 (right). Fitting-out Quay. Portsmouth, 
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General view of project. 
Excavator crane with hanging leaders used for driving the cased piles 
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The thin casings used for cased piles are 
manufactured from steel strip formed into 
a continuous helix and the adjoining edges 
are then butt welded together using in- 
ternal and external weld passes. The pro- 
duction process is a continuous one and 
the tubing is subsequently cut into the 
lengths required for driving. Diameters of 
10-in. and upwards in steps of two inches 
are made in various thicknesses of steel, 
and there is a particular size of internal 
drop hammer corresponding to each 
diameter, as shown in the Table. For 10-in. 
diameter casings the hammer weight is 3- 
ton, while a 4-ton internal hammer is used 
for 20-in. diameter casings. 





TABLE 
Details of Cased Piles used in Six Maritime 
Structures. 
Weight Final Approx. 
Casing ol Pile Maximum 
Dia. of Thickness Standard Lengths Working 
Casing (s.w.g.) Internal (feet) Load per 
Hammer approx. pile 
(tons) (tons) 
Town Quay, 
Southampton 14” 8 (0.16”) 2 40/50 40 
Car Ferry 
Terminal, 
Portsmouth 18” = =5 (0.21”) 3 70/80 65 
Fitting Out 
uay, 
Portsmouth 18” =5 (0.21”) 3 70/80 50 
Reconstruction 
of Boscombe 
Pier 18” ~=66 (0.19") 3 45 70 
Pipe Jetty, 
Kingston-upon 
Hull 12” 6 (0.19”) 1} 50 20 
Temporary 
Staging, 
Tees Dock, 
Middlesbrough 16” 5/16”* 24 40/55 40/70 


(0.31”) 





* Relatively thick casings used to allow for 
many re-uses; casings not filled with concrete. 


NOTE: More recent experience indicates that 
thinner casings may be used than are 
shown above. 


Cutting and Lengthening Casings 


Cased piles are usually driven to a pre- 
determined set and the final length of each 
pile will thus be decided during driving. 
Accurate prior assessment of the final pile 
lengths is not essential because the thin 
casings are easily shortened by flame cut- 
ting and are quickly and cheaply extended 
by welding on further lengths when re- 
quired. As a result it is not necessary to 
use tall driving equipment having a height 
sufficient to accommodate the final length 
of pile. Thus (Fig. 4) piles about 80-ft. long 
were installed in 40-ft. lengths without the 
need for high or heavy driving equipment. 
To mention an extreme case, piles have 
been driven inside buildings in restricted 
headroom using several lengths of casing 
to make up the final pile lengths. 

An extension length of casing is con- 
nected to one already driven by means of 
a butt-weld having a throat thickness not 
less than the casing thickness. For a thick- 
ness of less than 7 s.w.g. (0.18-in.) no cham- 
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Cased Piles — continued 
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3ig. 8. Reconstruction of Boscombe Pier. 


section showing location of cased piles in pier- 
head. 






fer need be provided to the ends of the 
casings, but for a greater casing thickness 
a 30° chamfer is usually made at the 
bottom of the upper length of casing only. 
Preparation of casing ends can be carried 
out by hand cutting torch using a steel 
band as a guide, or where the number of 
site joints to be made is large it becomes 
worthwhile to use special equipment to 
guide the cutting nozzle. A backing strip 
of 2-in. x }-in. mild steel is tack welded 
to the lower end of the upper casing be- 
fore this is lowered into position and an 
appropriate welding gap is left between the 
ends of the casings in order to achieve full 
weld penetration to the backing strip; the 
whole procedure including electrode size, 
current, and number of runs has been 
standardised. 


Cased Piles for Temporary Staging 


The simplicity of installation with an 
internal hammer makes the casings suitable 
for use as temporary piles for contractors 
staging in place of the more usual timber 
piles in some cases. In these circumstances 
the casing is left unfilled after base driving, 
and a typical case is shown in Fig. 11. The 
piles may be extracted with normal pile 
extraction equipment either by gripping 
directly on to the side of the casing at the 
top or by interposing a special conical 
attachment to the head of the casing where 
the soil conditions make extraction par- 
ticularly difficult. 


Details of Six Maritime Structures. 


The Table attached gives details of the 
cased piles used for these structures, which 
are illustrated by the accompanying photo- 
graphs and drawings. The piles in each of 
these structures were base driven with an 
internal drop hammer the size of which is 
indicated in the Table. In all cases some 
or all of the piles project above soil level 
and internal reinforcing bars were incor- 
porated in the upper portions of the piles, 
except in the one case where the casings are 
used as temporary staging piles. 





Cross 


CASED PILES 
18'% N°6 gauge (0-192 in. thick) 
approx 45ft long,base driven 
with a 3ton internal drop hammer 


l. Town Quay, Southampton 


Cased piles were used here to strengthen 
an existing quay without major interruption 
to normal use of the quay (Fig. 3). The 
work was carried out by direct labour 
under J. P. M. Pannell, Esq., M.B.E., 
M.I.C.E., M.I.Mech.E., Engineer to The 
Southampton Harbour Board, and is fully 
described in the “Dock and Harbour 
Authority’ October 1960. The 14-in. 
diameter 8 s.w.g. (0.16-in.) thick casings 
which had final lengths of between 40 and 
50-ft. were installed through holes cut in 
the existing concrete deck and were driven 
with a 2-ton internal hammer suspended 
from and operated by acrane. The casings 
were supported during driving by a steel 
trestle or guide. Fig. 3 shows the upper 
portion of this guide which has a downward 
projecting part supporting the casing below 














Fig. 9. 
Light pile frame used for installing the cased 
piles. 


Reconstruction of Boscombe Piev. 
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deck ‘evel; the guide was handled from one 
position to another by the crane. 


2. New Isle of Wight Car Ferry Terminal— 
Portsmouth 


A cross-section of part of this structure 
js shown in Fig. 4, and a general view in 
Fig. 5. The project was designed and 
supervised by The City Engineer, Ports- 
mouth, W. E. C. Chamberlain, Esq,., 
M.LC.E., M.I.Mun.E., and the contractors 
were Sir Lindsay Parkinson and Company 
Limited. Some of the cased piles were 
driven using a pile frame and diesel winch, 
while others in rather inaccessible positions 
were supported in a timber trestle handled 
by a crane which also operated the internal 
hammer. Many of the piles were installed 
at a rake of | in 3. The final lengths of the 
piles were about 70 to 80-ft., but these were 
made up from two casings which were sup- 
plied in lengths of from 30 to 45-ft. The 
18-in. diameter casings had a thickness of 
5 s.w.g. (0.21-in.) and were driven with a 3- 
ton internal hammer. A feature of the site 
was the large number of obstructions below 
ground level consisting of old masonry and 
concrete foundations and timber piles. Be- 
fore pitching the casings in certain particu- 
larly difficult locations, the 3-ton internal 
hammer was used to punch a hole through 
the upper obstructions—the casings were 
then lowered into these holes and driving 
commenced in the normal manner. It was 
an interesting fact that base driving gave 
rise to very much less noise than occurs 
with normal pile driving. 


3. Fitting out Quay—The Camber, Portsmouth 

This quay was designed by The City 
Engineer, Portsmouth, and the contract let 
to Sir John Jackson Limited, (Fig. 6). Final 
pile lengths were of the order of 70/80-ft., 
but these were formed using 30-ft. lengths 
of casing which were 18-in. diameter and 
5 s.w.g. (0.21-in.) thickness. An excavator 
crane fitted with light hanging leaders 
supported the casings and operated the 
internal hammer of 3-tons weight, (Fig. 7). 
Sufficient hardcore from nearby building 
demolitions was temporarily deposited to 
provide access for the crane when driving 
some of the piles; this filling was later re- 
moved and reused for providing support for 
the crane when driving subsequent piles. 
No difficulty was experienced in driving 
through this material which contained large 
pieces of brickwork and concrete. Ready- 
mix concrete was used for filling the casings, 
this being discharged directly into the 
casings from the supplying vehicle. 


4. Reconstruction of Boscombe Pier 
Cased piles were installed within the area 
(f the existing pier head as foundations for 
proposed building, (Fig. 8). The work was 
‘inder the supervision of the Borough En- 
ineer, 


Bournemouth, and the contract 
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Fig. 10. 
Kingston upon Hull. 


Pipe Jetty--Esso Saltend Terminal, 
Internal drop hammer 
about to be entered into casing. 


carried out by A. Jackaman and Son 
Limited. During the reconstruction of the 
pier it was decided to provide an in- 
dependent foundation for a proposed con- 
cert hall as the scour round the original 
piles was such as to cause doubts as to 
their load bearing capacity. Cased piles 
were found to be suitable for the new piles 
as they could be driven with a small light 
pile frame carrying a diesel winch of just 
sufficient capacity to operate the 3-ton in- 
ternal hammer, (Fig. 9). The _ 18-in. 
diameter 6 s.w.g. (0.19-in.) thick casings had 
final installed lengths of about 45-ft. In 
order to provide enough penetration into 
the seabed to guard against the effect of 
future scouring, the piles were driven be- 
yond the point where the set indicated ade- 
quate load carrying capacity, resulting in 
extremely hard driving. The piles were in 
fact driven to refusal. 


5. Pipe Jetty—Esso Saltend Terminal, King- 
ston-upon-Hull 


George Dew and Company Limited 
carried out this work for the Esso Petro- 
leum Company Limited. Bents consisting of 
pairs of 12-in. diameter 6 s.w.g. (0.19-in.) 
cased piles, connected at the top by steel 
beams, were used for the support of a num- 
ber of horizontal pipes (Fig. 10). The 
arrangement of the trestle for the support 
of the casings during driving is shown, the 
crane operating the 1}-ton internal hammer 
being carried on piles already installed. The 
foreshore was exposed at low tide but the 
mud was too soft to support the direct 
weight of the crane, apart from the incon- 
venience of working between tides. Tem- 
porary diagonal steel ties can be seen 





bracing the piles directly under the crane 
these were needed owing to the relatively 
greater loads imposed by the crane com- 
pared with the final pile loading due to the 
weight of the pipes. Final pile lengths were 
approximately 50-ft. 


6. Temporary Staging at Tees Dock No. 1 Quay, 
Middlesbrough 


The photograph, Fig. 11, shows this 
staging supported on temporary unfilled 
cased piles of 16-in. diameter 5/16-in. 
thickness, and is published by courtesy of 
the Tees Conservancy Commissioners and 
Sir William Halcrow and Partners. The 
staging was designed and constructed by 
The Demolition and Construction Com- 
pany Limited in order to provide support 
for special heavy equipment which would 
install large diameter concrete cylinders 
for a new quay. The temporary staging con- 
sisted of Bailey bridging units and this was 
cantilevered forward to provide “gates” to 
support and guide the cased piles being 
driven. The crane operating the 2}-ton in- 
ternal hammer was carried on the staging 
and piles already constructed. Instead of 
using dry concrete at the base of the casing, 














Unfilled cased piles used for tem- 
porary staging at Tees Dock No. 1 Quay 
Middlesbrough. 


Fig. 11. 


granite chippings were employed to form 
the plug on which the internal hammer 
struck. The piles were extracted and re-used 
several times as construction of the main 
quay progressed, the granite chippings be- 
ing removed and a fresh charge placed be- 
fore re-driving each pile. Fairly thick 
casings were employed in order to allow for 
about fourteen re-uses. Final pile lengths 
were between approximately 40 and 55-ft. 


Conclusion 

More recent experience with cased piles 
has resulted in the use of still thinner 
casings for a given diameter than were em- 


continued on page 345 











Book Review 


Dock and Harbour Engineering. Vol. 3: Buildings and Equip- 
ment. By H. F. Cornick, M.C., M.L.C.E. Published by 
Charles Griffin and Co., Ltd., London, W.C.2. Price £6 6s. 
net, postage 2s. 


This volume, published in December 1960, is the third of the 
above treatise, the first volume “ The Design of Docks” and the 
second “ The Design of Harbours ” having been published in 1957 
and 1958 respectively. The fourth and last volume “ Dock and 
Harbour Construction” is in preparation for publication at the 
end of this year. 

Mr. W. P. Shepherd-Barron, M.C., T.D., LL.D., M.I.C.E., 
M.I.Mech.E., a former chief engineer of the Port of London 
Authority and Past President of The Institution of Civil Engin- 
eers has contributed the Foreward to the treatise, welcoming a 
work which links up all that is of permanent value in Dr. Brysson 
Cunningham's textbooks Dock Engineering and Harbour Engin- 
eering with a vast amount of new and up-to-date material on 
recent developments in both subjects. This material has been 
abstracted from the technical literature of the leading maritime 
nations, and also accumulated from a lifetime’s experience of 
dock and harbour undertakings. 

The treatise has been written, it is stated, with the object of 
giving comprehensive information at:d basic data, with explana- 
tory comments and good illustrations, representative on a high 
level of authenticity, of the many aspects of dock and harbour 
engineering. At the same time it seeks to relieve the student 
and engineer of much of the arduous work of searching for 
sources of information on those subjects. The author has gone 
a considerable way in achieving these objects and the scientific 
and engineering data, problems and examples of maritime struc- 
tures and equipment have been chosen with wide experience and 
judgment. While the descriptions and discussions in the text 
are necessarily brief they succeed in presenting the essential in- 
formation in a clear and concise manner, and the illustrations 
are indeed a special feature of the work. 

The references and bibliographies at the ends of each chapter 
enable the reader to pursue further any subject in which he is 
interested, by giving him the sources of the data from which 
abstracts or information has been gleaned, together with addi- 
tional literature on certain important matters. 

It is evident that the author believes in the benefits of a know- 
ledge of evolution and there must be few who will disagree with 
him when he says it offers a safeguard against repeating the mis- 
takes of the past in whatever field it is applied. Moreover, it 
makes for a better appreciation of the merits of the more recent 
techniques. Thus in each volume the sequence of development 
of a number of structures and techniques are set out. 

Chapter 15 of the present volume deals with Roads, Railways 
and Bridges of Docks. The former is briefly treated but the 
essential principles are there, it being pointed out that the suc- 
cessful operation of a port nowadays largely depends upon the 
efficiency of its road and railway arrangements. The treatment 
of dock railways is more full and deals firstly with the general 
layout of the tracks in relation to the dock system, the arrange- 
ment of sorting and exchange sidings followed by a discussion of 
the practical aspects of track laying and fitments. These two 
subjects should be studied in conjunction with Chapters 2, 8 
and 16. 

As regards dock bridges apart from the new technique of weld- 
ing and the advent of improved mild and high tensile steels and 
light alloy steel, the technique of bridge construction for docks 
has not greatly altered in principle. There is unfortunately a 
paucity of published information relating to movable dock 
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bridges but, nevertheless, the author has managed to collect sor ¢ 
useful data. 

Transit Sheds, Warehouses and Other Buildings are the su )- 
jects of Chapter 16, and these structures are discussed from ev: 
aspect and a wealth of information is presented with innum: 
able examples from all over the world. Under the heading 
Other Buildings, we find Grain Storage (grain handling is in Cha )- 
ter 19), Cold Storage of comestibles and Maritime Passeng 
Terminals. The chapter contains a discussion on the gener. | 
considerations in the design of grain silos and warehouses, pro- 
vention of dust explosions together with the fundamentals of the 
calculation of grain pressure in bins. 

The author makes the distinction between Working Equipment 
and Operating Plant and the former is dealt with in Chapter |”, 
with sections on Power Supply and Distribution, Graving Dock 
Installations, including pumping systems, pumps, hydraulic and 
electrically-operated capstans, gate machines, valves and sluices, 
with some of the most recent examples; also Refrigeration Plant, 
and Dock and Quayside Lighting. The various sources of power 
and their relative advantages and costs and latest methods of 
adapting existing hydraulic power installations to modern con- 
ditions are discussed, with examples of electro-hydraulic plant in 
use. The subject of Dredgers and Dock, Harbour and Channel 
Dredging concludes the chapter with discussions inter alia of 
disposal craft, choice of type of dredger, soil mechanics and 
dredging problems, hopper measurement, economic loading, 
gauging density of spoil by radioactive methods and finally rock 
breaking. This section is supplementary to Chapters 10 and |3 
of Volume 2, for the subject is necessarily closely connected with 
marine surveying, river and channel improvement and regulation 
matters which have been discussed there. 

Chapter 18, Operating Plant, is an important one dealing with 
Cargo Handling generally. The author reviews the striking 
advances in mechanisation that have taken place since the last 
world war, but points out that in spite of this, generally speaking, 
the time vessels spend in port has shown little or no reduction 
and he goes on to examine the factors that affect the turn round 
of ships. That still unresolved argument as to the employment 
of quay cranes or ships’ derricks is discussed and summed up and 
the subject is concluded with some of the more important of 
recent developments in ship design. Quay cranes of various types, 
Heavy Lift and Floating Cranes, Travelling and Wall Cranes and 
their functions are examined with many examples. “Burtoning” 
is explained iin its several forms with the latest improved burton- 
ing ships’ gear. 

The development of the mobile crane as the author points out, 
has produced what is perhaps one of the most useful and versatile 
items of dock operating equipment which, in conjunction with 
the Fork Lift Truck, has practically revolutionised some of the 
smaller ports in some countries. 

Conveyors, Transporters, Pallets, and Containers are other 
items of equipment discussed and the chapter concludes with a 
section on Dock Locomotives, in which is examined the results 
of investigations at the Port of Bristol on the relative advantages 
and disadvantages and running costs of steam and diesel dock 
locomotives. " 

Bulk Handling Plant is the subject of Chapter 19, in which the 
section on Grain Handling is particularly interesting, and Chapter: 
20 entitled Auxiliary Services and Appliances concludes the 
volume. 
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This volume of Dock and Harbour Engineering follows the 
same standards of excellence of format and internal arrangements 
as its predecessors and there is the same good balance of illustra- 
tions to text. Paper and binding are also of a quality befitting 
a work of such importance. Like its predecessors, it should prov: 
to be an essential work of reference for all concerned with th 
design, construction and operation of docks and harbours. 
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Introduction 


In recent years tracer materials of various 
kinds have been used increasingly to follow 
the movement of coastal material. Radio- 
active tracers have been employed exten- 
sively in this country’ and abroad’:* but 
radioactive material is expensive to prepare 
and difficult to use on beaches which are 
accessible to the public. For this reason 
fuorescent tracers are becoming increas- 
ingly important for following the rate of 
movement of sand and shingle on beaches; 
experiments carried out by the Russians at 
Anapa, on the Black Sea coast, have already 
been described‘ in this Journal. While 
tracers have been found useful for detecting 
the general direction and speed of move- 
ment of sand grains on a beach, no method 
has yet been developed for deriving the 
quantity of littoral drift from the rate at 
which tracer material moves. Experiments 
recently carried out with fluorescent tracers 
by the Hydraulics Research Station have 
shown that it is possible to relate the total 
movement of beach material with the move- 
ment of tracers, and even to find the total 
net yearly littoral drift along a beach*. This 
paper contains a description of these experi- 
ments and an outline of the theories used. 


The Tracer Concentration Method 


The theory on which the experiments 
have been based is quite straight-forward 
when the littoral drift is constant and in 
one direction only. For example, if the 
drift was D tons per day, constant in one 
direction along a beach and T tons of tracer 
material were added each day at any point 
on the beach, then at a point down-drift of 
the injection point where the concentration 
had become constant, the concentration of 
tracer C would be C == '/D, since T tons of 
tracer were added to each D tons of drift 
and D= T/C. This was verified by compar- 
ing the drift computed from this theory 
with the actual drift measured by trapping 
material moving on a model beach in one 
of the wave basins at the Hydraulics Re- 
search Station. The theory was shown to 
be true if the tracer material was similar to 
the material in transit along the beach 
(which may not necessarily have the same 
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size distribution as the material on the 
beach), if the tracer material was thoroughly 
mixed with the beach material to a depth 
of several particle diameters, and if the ex- 
periment was continued for a sufficiently 
long time for the concentration to become 
constant. 

However, the characteristics of waves 
approaching most natural beaches are con- 
stantly varying and the littoral drift is 
changing continually both in quantity and 
direction. At any moment the drift may be 
large or small, up the coast or down the 
coast and material may also be moving to- 
wards or away from the beach in a direction 
perpendicular to the shoreline. In con- 
sequence, it is extremely difficult to put for- 
ward any theoretical expressions for the net 
drift based on the rate of spreading of the 
tracer material; nevertheless, we have found 
it possible to derive a suitable expression 
if certain assumptions are made. These 
assumptions are: 

(1} that there is no exchange of material 
between the beach and the offshore 
zone. This is probably true of many 
shingle beaches; 

(2) that the net drift pattern during the 
period between any two consecutive 
injections of tracer material—a period 
of one week in the field experiments— 
is the same as the general pattern over 
a whole year; 

(3) that the concentration of tracer mater- 
ial is constant throughout the moving 
layer of beach material at any distance 
from the injection point—this is true if 
the moving layer is dragged off the 
beach during storms and is thoroughly 
mixed before being returned to the 
beach in calmer weather. 

The assumptions cannot, of course, be 
rigidly applied to a real beach, but the ex- 
periments we have carried out on shingle 
beaches show that the theoretical results 
based on these assumptions give values for 
the net annual drift which are tolerably 
close to the actual values. 

Consider the movement of material on a 
beach to which these assumptions may be 
applied during an experiment in which a 
constant quality of tracer material (m tons) 





is injected at the same point each week. 
Let the proportion of any given section of 
the beach which moves to the right along 
the beach during one week be p, and the 
proportion which moves to the left be q, 
where p+q=! and p is greater than, or 
equal to, q. The simplest method of visual- 
ising the movement of material is to imag- 
ine the beach divided into a number of equal 
compartments, and to assume that each 
compartment contains M tons of pebbles 
and is of such a size that in one week pM 
tons moves out of the compartment and 
into the next compartment on the right, 
while qM tons moves to the left. The net 
dirft in one week is then (p-q)M tons, and 
the net drift in one year will be 
52 (p-q)M tons ............... (1) 
The concentration (C, ,) of tracer mater- 
ial in any compartment (“x”’ compartments 
from the injection point after “t” injections) 
is by definition the total weight of tracer 
pebbles in the compartment (FP, ,) divided 
by the total weight of pebbles in the com- 
partment (weight in all compartments equal 
to “M” tons) or 


ec «+ Bet... @ 
= M c 
Substituting (2) in (1) 
Net Drift per year = 52(p 
c 


The values for F, , can be found by cal- 
culating how each portion of m tons of 
tracer material is distributed among the 
compartments after each injection; the 
quantities in each compartment after vari- 
ous numbers of injections are shown in 
Table I. 

By continuing this table F, , can be 
found for any required x and t, though the 
calculations become increasingly laborious 
as t becomes greater. We have found it 
convenient to calculate all values of F, , 
for 22 injections with m=1 (F, ,. for other 
values of m can be easily obtained by multi- 
plying by m): the results are shown in 
graphical form in Fig. 1, for values of p 
ranging from 0.5 to 1.0. It is hoped that 
values of F, , will eventually be available 
up to t=52 since the values can be calcu- 


Cc 


QF... . (3) 


x. t 
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340 In practice the curves for tracer concen- 
32k tration found on a real beach are seldom 
3-OF ' the same as those deduced from the theory, 
2-8 niin Fig. 1. Curves show the distribution since the assumptions on which the theory 
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lated by electronic computer using the fact 

that the coefficients of p and q are also the 

coefficients of the binomial expansion of 

(p+q)". For the moment we have had to 

be satisfied with increasing the spread of 

F, 22 proportionally to obtain values up to 

F, 52; it is thought that this will not lead 

to serious error since the same process 

applied to values for F, ,, gives reasonable 

values for F, ,. as shown in Fig. 2. 

The coefficients on the right-hand side of 
equation (3) can be determined, since 

(1) p, q-—can be found by comparing the 
shape of the actual concentration 
curves found on the beach with the 
theoretical curves found in Fig. 1. 

(2) F, , for any value of m—can be found 
by multiplying the value for F, , given 
in Fig. 1 by m the quantity injected. 

(3) C, ,—is measured on the beach. ~ 
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is based cannot be rigidly applied to a real 
beach; judgment has to be exercised to 
match the natural and theoretical curves. 
An example of a practical case in which the 
littoral drift at Rye is worked out is given 
later in the paper, and it can be seen that 
the results based on the Tracer Concentra- 
tion Method agree fairly well with the 
actual values. 


Preparation of Fluorescent Tracers 
Fluorescent tracers have been prepared’ 
for both sand and shingle beaches. For 
fluorescent sand tracers a quantity of typi- 
cal beach sand was mixed with a fluorescent 
dye and a plastic glue. When the plastic 
hardened the resultant solid was crushed, 
producing a large number of individual sand 
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Experiments with Tracers— continued 
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The shingle beach north of Deal looking southwards from 


Fig. 4. 


Fig. 3. The preparation of fluorescent materials for use in tracer 
the injection 


concrete. The plastic glue is being dried in the foreground and the 
machine in which the solid material is granulated can be seen in 


line. 





the background. 


grains each coated with a layer of hard 
plastic impregnated with fluorescent dye. 
The size distribution after crushing was 
found to be similar to that of the original 
beach sample, and could easily be adjusted 
by sieving to give the correct size distribu- 
tion. The resultant tracer particles were 
brilliantly fluorescent under ultra-violet 
light, and concentrations of as little as one 
tracer particle in ten million ordinary sand 
particles could easily be measured. 

The tracer pebbles for shingle beaches 
were made from heavy concrete stones in 
which were imbedded small fragments of 
fluorescent plastic. The plastic fragments 
were made by mixing plastic glue with a 
fluorescent dye and spreading the mixture 
out to dry in thin slabs; when the glue set 
the slabs were granulatéd into particles 
about Imm. in size, each of which was bril- 
liantly fluorescent under ultra-violet light 

this process is illustrated in the photo- 
graph (Fig. 3). Concrete was then prepared 
using quartz dolerite as aggregate, to pro- 
duce material of the same density as the 
beach material and fluorescent particles 
were added in the proportion of 1: 40 by 
weight. | When the concrete set it was 
crushed into stones with the same size dis- 
tribution as the material on the beach, and 
the size distribution was adjusted by siev- 
ing. These artificial stones could then be 
located with an ultra-violet lamp on the 
beach at night; the surface of each stone, 
even if abraded, still contained a number 
of vivid fluorescent particles. 

Many different fluorescent dyes were 
tested; the most satisfactory were Rhoda- 
mine B, Primuline, and Uvitex, which 
fluoresce red, green, and blue respectively. 
Using two different wavelengths of ultra- 
violet light it is now possible to produce 
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The sharp boundary between sand and shingle 


is clearly visible. 
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Fig. 5. Location map of 
eight clearly distinguishable colours for 
use as fluorescent tracers. 


Experimental Work 


A series of experiments designed to mea- 
sure both the direction and quantity of drift 
along beaches by the Tracer Concentration 
Method has been in progress since early in 
1959. Sufficient results have been collected 
to enable us to check the accuracy of the 
method, and a general description of the 
experiments carried out, and the results 
achieved, is given below. 

Some experiments with fluorescent 
tracers were first carried out on a sandy 
beach at Dawlish Warren in Devon, but the 
results did not give the quantity of littoral 
drift because the movement of tracer lost 


south coast experiments. 


offshore could not be determined; this is 
thought to be a difficulty which will be 
found on most sandy beaches. However, 
there are some beaches where the sand is 
very coarse—greater than lmm.—and it is 
unlikely that any of the beach material 
would be lost offshore. Such a beach is 
found at the southern end of the Holder- 
ness coast in Yorkshire and it is hoped that 
a tracer experiment will be carried out there 
in the near future. 

On some of the shingle beaches on the 
south coast of England the shingle stops 
abruptly some distance above the low water 
mark—an example of this can be seen in 
the photograph (Fig. 4); it seems reasonable 
to assume, therefore, that the movement of 
shingle is confined to the region above low 


343 








water mark. Three experiments using the 
Tracer Concentration Method have been 
carried out on shingle beaches on the south 
coast—at Deal and Dungeness in Kent and 
at Rye in Sussex as shown in Fig. 5. In 
each case the general experimental pro- 
cedure was the same, with certain differ- 
ences in detail. Initially the tracer material 
was injected at a rate of 1 cwt. per day for 
21 days, when a survey of the distribution 
of tracer material was carried out and the 
rate of drift calculated. The tracer mater- 
ial was then injected at a rate of 7 cwt. per 
week for 52 weeks and the distribution of 
tracer material surveyed at various inter- 
vals, generally 11 weeks, 22 weeks, 44 weeks 
and 52 weeks after injection, while the rate 
of littoral drift was calculated for each 
survey. 

The surveys were carried out at night 
near the time of low water using a portable 
generator and ultra-violet lamp. Before the 
experiments started posts were placed at 
the top of the storm-ridge of shingle on the 
injection line and at distances of 200-ft., 
500-ft., 1,000-ft., 2,000-ft. and 3,000-ft. on 
either side of it. When a survey was car- 
ried out, the ultra-violet lamp and portable 
generator were caried to each line in turn 
and the number of fluorescent stones in a 
given area at high water level, “mid shingle 
level” and “shingle limit level” were 
counted. In later experiments the number 
of lines surveyed was doubled. The area 
in which stones were counted was 36 sq. ft. 
for the first series of surveys and 100 sq. ft. 
for the subsequent surveys; the area was 
defined by square frames laid on the beach. 
The photograph (Fig. 6) shows the equip- 
ment in daylight, when of course the 
fluorescence of the stones does not show 
up. It was found that a complete survey of 
one area could be carried out by two people 
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in two nights, providing that the weather 
was tolerable, though ideally three people 
were required to carry the equipment along 
the beaches. The concentration (C, ,) of 
fluorescent tracer pebbles was derived later 
from the number of pebbles visible on the 
surface of the beach, with the help of a cali- 
bration test carried out in the laboratory. 
In the calibration test varying concentra- 
tions of fluorescent stones and beach 
pebbles were prepared, and the number of 
fluorescent stones visible on the surface 
under ultra-violet light determined for each 
concentration. The concentration varied 
linearly with the number of stones visible, 
and the factor by which the number of 
stones visible should be multiplied to give 
the concentration was determined for each 
area in which experiments were carried out. 

The most interesting of the experiments 
so far carried out was done at Rye; here it 
was possible to compare the rate of drift 
derived from the fluorescent tracer method 
with the actual drift measured by accretion 
against the western breakwater at the 
entrance to the River Rother. Since the 
experimental procedure at Deal, Rye and 
Dungeness was the same, only the results 
of the experiment at Rye will be given in 
detail. 

There is a dominant easterly drift on the 
beach at Rye; shingle is trapped by the 
western breakwater, but does not accumu- 
late sufficiently to pass around the sea- 
ward end because material is continually 
removed from a site near the western break- 
water and used for beach nourishment near 
Cliff End by the Kent River Board; the toe 
of the shingle beach is thus kept well in- 
shore of the seaward end of the breakwater. 
The photograph (Fig. 7) illustrates this 
point. A survey of the beach west of the 
River Rother was carried out in June 1959 


and repeated in June 1960. This vey 
showed that the volume of shingle o: the 
beach had increased by 17,400 cu. yds. 
during this period; during the same ear 
the Kent River Board removed 32,00: cy. 
yds. of shingle from the beach, so tha* the 
total accretion was 49,400 cu. yds. or aout 
60,000 tons in one year. 

The fluorescent tracer test at Rye was 
begun in July 1959. Seven hundredweight 
of fluorescent stones similar in density and 
size to the pebbles accumulating agains? the 
breakwater, were dumped on the beach 
each week for one year. The photograph 
(Fig. 8) was taken looking eastwards from 
the injection point; the change from shingle 
to sand above the low water mark can be 
seen. The fluorescent pebbles used were 
marked with Rhodamine B (red fluores- 
cence) and Primuline (green fluorescence), 
The method of calculating the drift at Rye 
after 21 weeks may be illustrated by using a 
formula similar to that given in equation 3, 


Net Drift in 21 weeks = 21(p—q)F, ,, 
LY pel 


The values of p and q were found by 
comparing the actual curve obtained by 
plotting the results from the beach survey 
with the curves given by the theory. The 
particular values for Rye after 21 weeks have 
been plotted in Fig. 9, and they can be seen 
to fit the theoretical curve for p=.9, q=.1 
quite well. F, .. is obtained by multiplying 
the value near the origin for p=.9, q=.1 
obtained from Fig. 1 by the weekly dose of 
fluorescent tracer. Fig. 9 shows that the 
number of fluorescent pebbles found per 
100 sq. ft. near the origin after 2] weeks 
was 20.6; the calibration test showed that 
C, ,=-000019 x number of pebbles per 
100 sq. ft. Hence p=.9, c=.1, F, ..=7/20 
X 1.25=0.4375 tons and (. ..=.000019x 


— 








Fig. 6. 
beach at night. 


Equipment 
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used for detecting fluorescent stones on the 
The photograph was taken in daylight when the 
fluorescent particles do not show up against the background. 




















Fig. 7. 


River Rother. 


The western face of the breakwater at the entrance to the 
It can be seen that the shingle does not extend 
to the end of the breakwater. 
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Experiments with Tracers—continued 
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Fig. 8. A view of the beach at Rye taken from the injection line, looking eastwards towards 
the breakwater. 
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Fig. 9. Distribution of tracer material at Rye after 21 weeks. 


20.6=.0003914 so that 


Net Drift in 21 wecks = 21 x .8 x 0.4375 
.0003914 
18,800 tons. 


The net drift per year based on this figure 
would be 46,000 tons. 

A similar calculation carried out on the 
results obtained at Rye after 44 weeks sug- 
gested that the net drift per year would be 
about 100,000 tons. The$e figures may be 
compared with the measured drift of 
60,000 tons over the same period; while the 
theoretical figures do not agree precisely 
with the measured figures for drift, it is 
considered that the agreement is surpris- 
ingly good when the inaccuracies which 
occur with each of these methods of 
measuring quantities are taken into 
account. 

The results of the fluorescent tracer sur- 
veys at Deal showed that the drift changed 
direction at frequent intervals, and that the 
net drift was small. Experiments are now 
being continued to determine the effect of 
the new sea defence works on the pattern 
of littoral drift. 

At Dungeness, the rate of drift is high on 
the southern beach, and probably amounts 
to about 200,000 tons per year; it has been 
found that the shingle moving along the 
southern shore is deposited at the southern 
end of the eastern beach, causing the point 
itself to build out slowly seawards in a 
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south easterly direction, a fact already 
noted by W. V. Lewis’. 


Summary 

The experiments described in this paper 
show that fluorescent tracers can be used 
to follow the movement of coastal material, 
and suggest that it is possible to make 
quantitative measurements of the net 
littoral drift using the Tracer Concentration 
Method mentioned in the paper. These 
experiments on shingle beaches are being 
continued to explore the possibilities of this 
method still further, and it is hoped that 
full scale tests will shortly be carried out on 
sandy beaches to find out how rigorously 
the method can be used to measure the lit- 
toral drift of sand. 
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Cased Piles 


continued from page 339 

ployed in the structures described above. 
For example, for casings having diameters 
up to and including 14-in., a thickness of 
10 s.w.g. (0.13-in.) is adequate for final pile 
lengths of up to about 60-ft. Similarly 20-in. 
diameter piles of about the same maximum 
length need be no thicker than 7 s.w.g. 
(0.18-in.), and when driven with the appro- 
priate 4-ton internal drop hammer are suit- 
able for working loads of 80-tons, or up to 
100 tons when driven to rock, very dense 
gravel, or similar soils. The diameter 
selected has to be separately checked to 
confirm that the column strength is 
adequate only for that portion of the pile 
exposed above soil level. Where piles are 
installed in two or more lengths the upper 
lengths can be made of an even smaller 
thickness. For piles of longer lengths than 
mentioned immediately above, only the 
bottom portions need to be of slightly in- 
creased thickness. 

It may be wondered whether cased piles 
can be driven from the top in the conven- 
tional manner. While this method is possi- 
ble, it requires the use of significantly 
thicker and more costly casings, and the 
driving equipment becomes more elaborate 
as leaders of some form are needed to guide 
the hammer, It is not surprising therefore 
to note that top driving is seldom em- 


ployed. 
The author would like to thank the 
various Authorities mentioned and The 


British Steel Piling Company Limited, for 
permission to use information on which 
this article is based 
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The Dock and Harbour Authorities’ 
Association 


Abstracts from Annual Report for 1960 


At the annual general meeting of the Association held on the 
9th of this month, Mr. M. Arnet Robinson (chairman of the 
Mersey Docks and Harbour Board) was elected President of the 
Association in succession to Sir Kenneth Sinclair, who retired 
after two years in that office. Mr. J. Arbuthnot, Conservative 
Member of Parliament for Dover, was elected parliamentary 
chairman of the Association. 

Introducing the Report of the Executive Committee, Mr. F. D. 
Arney said that at next year’s international conference on the 
prevention of the pollution of the sea by oil, one of the matters 
to be considered would be the provision of port facilities for the 
reception of oil residues. He recalled that in the convention of 
1954 there was a provision that ships must provide separation 
means in the vessel by July 1961. It might well be, therefore, 
that from July onwards there would be a greater demand made 
on port facilities for these oil residues. 

Extensive abstracts from the 4lst annual report are printed 
below. 


Local Employment Act, 1960 


This Act gives the Board of Trade new and enlarged powers for 
providing employment in any locality in Great Britain where high 
unemployment exists or is imminent and is likely to persist, and 
will be of benefit to members of the Association whose under- 
takings are situated within such an area. The Board of Trade 
have given assurances on three points arising from the Act. 

The first is an assurance that the Board will not be precluded 
by the provision requiring them to have regard to the relation- 
ship between the expenditure involved and the employment likely 
to be provided from making a loan to a port authority in appro- 
priate circumstances; the Board will sake into account the fact 
that, in the nature of things, dock facilities are comparatively 
expensive in terms of the money required to provide employment. 

The second relates to section 7 of the Act, under which the 
Minister in charge of a Government Department may, with the 
consent of the Treasury, make grants for, or loans towards, the 
cost of improving basic services for which his Department is re- 
sponsible where it appears to him that these services are not 
adequate and that it is expedient for the purposes of providing 
employment that they should be improved. The Act does not 
define the expression ‘“‘basic service” but the Board of Trade 
have confirmed that, in their view, the expression would, in appro- 
priate cases, include port facilities. 

The third relates to the powers given to the Board of Trade 
to acquire land compulsorily. These powers include a power to 
acquire derelict, neglected or unsightly land in a locality to which 
the Act applies, where the Board of Trade think it expedient that 
steps should be taken for the purpose of enabling any of the land 
to be brought into use or of improving the amenities of the neigh- 
bourhood. Whilst the powers of compulsory acquisition are 
subject to the safeguards contained in section 1 of the Acquisition 
of Land (Authorisation Procedure) Act, 1946 (in Scotland, section 
1 of the Acquisition of Land (Authorisation Procedure) (Scot- 
land) Act, 1947), the Association took the view that the loss of 
operational land held for future development of a port would in- 
evitably be detrimental to the carrying on of the undertaking and 
that, in the circumstances, such land should be expressly excluded 
from the provisions of the Bill. 

The Board of Trade, whilst not agreeing to such lands being 
excluded from the terms of the Bill, gave an assurance that it 
would be extremely unlikely that they*would use their powers 
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of compulsory acquisition in such a way as to deprive a pot 
authority of land held for future development. 


Radioactive Substances Act, 1960 

This Act has made a fundamental alteration in the law former \ 
governing the control and disposal of radioactive waste, by pro- 
viding that control is to be exercised at national instead of at loc .| 
level. 

Under the Act, disposals of radioactive waste from premis.s 
used by the Atomic Energy Authority for the purpose of thei: 
undertaking or from premises situated on a site for the time being 
covered by a nuclear site licence issued under the Nuclear Instal- 
lations (Licencing and Insurance) Act, 1959, are to be authorised 
by the Minister of Housing and Local Government and thc 
Minister of Agriculture, Fisheries and Food acting jointly. 

Whilst it is unlikely that such premises will be situated in or 
adjacent to port waters, the Act provides that a port authority 
likely to be affected by a discharge of radioactive waste is to be 
consulted before an authorisation is granted. Where the port 
authority is required to take special precautions in relation to an 
authorised discharge they will be entitled to recover such charges 
as may be agreed between them and the person disposing of the 
radioactive waste or, in default of agreement, as may be deter- 
mined by the Minister of Housing and Local Government. 

The attention of members was drawn to the views expressed 
by the Expert Panel of the Radioactive Substances Advisory 
Committee as to the effect of the disposal of liquid radioactive 
waste into rivers and the sea. Whilst the Panel emphasised the 
need for the examination of each case on its merits, they thought 
that the permissible level of discharges to the sea would be such 
that ordinary users would not experience any disadvantage. 


Rating and Valuation Bill 

This Bill contains provisions which will materially alter the 
calculation of the rateable value of port authority hereditaments 
and which constitute a reversal of Government policy adopted 
only some thirty years ago. This change of policy will be to the 
financial detriment of port undertakings, and comes at a time 
when there is need for the modernisation and improvement of 
port facilities. 

In 1957, when the rates payable in respect of freight transport 
hereditaments were doubled, the Minister of Housing and Local 
Government gave an assurance to a deputation from the Asso- 
ciation that no further alteration in the derating of freight trans- 
port hereditaments would take place during the life of the 
Government then in office and the Association did not anticipate 
the proposed further alteration, especially at -such an early date. 
The Association see no reason to alter the views previously ex- 
pressed by them in the memorandum submitted to the Minister 
in 1957 and, in particular, believe that a very strong case exists 
for distinguishing the derating of freight transport hereditaments 
from the derating of industry in general. 

The Bill also proposes the abolition of the deductions from 
net annual value which were introduced by the Rating and 
Valuation Act, 1925, in relation to certain classes of heredita- 
ments, including land covered with water. The percentage 
reduction allowed varies throughout the country, being an an 
average a little over 30 per cent. 

This in turn will throw a further rate burden 6n port authorities 
which must also be met by users of port facilities by way of an 
increase in port charges. The effect will therefore be that indus- 
try will be asked to contribute not only in relation to their own 
increase in industrial rating but also by way of increased port 
charges. 


Reorganisation of the Nationalised Transport Undertakings 

In April, the Minister of Transport appointed the British Trans- 
port Commission Advisory Group under the Chairmanship of Sir 
Ivan Stedeford, the terms of reference to the Group being to 
examine the structure, finance and working of the organisations 


The Dock & Harbour Authority 











= — > = TH 





< & 


- Oo 


—_ 


ne i ee 6 nO" 








The Dock and Harbour Authorities’ Association—continued 


conirolled by the British Transport Commission. The Associa- 
tion were pleased to be given an opportunity to submit their 
views aS to the need for a change in the organisation and adminis- 
tration of the Docks Division of the British Transport Commis- 
sion and as to the form of organisation which should be set up. 

The views were set out in a memorandum submitted to the 
Advisory Group, and representatives of the Association met the 
Group and discussed the memorandum and points arising upon it. 
The memorandum suggested, as a first step, that the ports at pre- 
sent administered by the British Transport Docks Division should 
be divorced from the British Transport Commission and it 
appears from the Government White Paper on the Reorganisa- 
tion of the Nationalised Transport Undertakings (Cmd. 1248), 
issued in December, that this is likely to be done. Paragraph 
21 of the Report reads as follows: 

“The ports and docks at present administered by the Com- 
mission’s British Transport Docks Division will be transferred 
to a new statutory Docks Board. The Board will be small in 
number. Its composition will reflect those functions, including 
finance, which require to be dealt with centrally. The manage- 
ment of the more important of its ports will be represented on 
the Boards.” 

The new Board will be expected to conduct its financial affairs 
in accordance with the general system applicable to Boards of this 
character, that is, to balance its accounts taking one year with 
another. 

The report provides for the setting up of a Nationalised Trans- 
port Advisory Council, the main responsibility of which will be 
to advise the Minister of Transport on questions relating to the 
co-ordination of the nationalised transport undertakings and on 
questions of policy. The Council will have no executive functions. 

Co-ordination of policy between the new Boards is to be the 
responsibility of the Minister of Transport, assisted by the new 
advisory body, and suitable arrangements are to be established 
for co-ordinating the day-to-day activities of individual under- 
takings. 

The Association have not had an opportunity to consider the 
White Paper in any detail but they believe that the new Docks 
Board should be an independent Board operating in the same way 
as a public trust and not subject to any ministerial control. The 
Association adhere to their view that the setting up of a Docks 
Board should be regarded as a first stage only and that the ulti- 
mate aim should be to set up autonomous public trust authorities 
to administer a port or group of ports, a form of ownership and 
control recommended by the Royal Commission on Transport 
(Cmd. 3751), which reported in 1931. 


Profits Tax and Investment Allowances 


The Association have continued to press for an alteration in the 
assessment of profits tax payable by port authorities and an in- 
crease in the investment allowance in respect of expenditure on 
works of port development and improvement and on port plant 
and machinery. 

The Inland Revenue consider that the Chancellor of the 
Exchequer would not be justified in amending the law relating to 
profits tax in its application to port authorities and they sought 
to draw a distinction between the need for a special rate of invest- 
ment allowance given to shipping and the need for a similar rate 
of investment allowance to port authorities. 

The Association are satisfied that the port industry has a 
special claim for tax relief. Heavy expenditure will have to be 
incurred in the near future in the modernisation of ports, many 
of which are in competition with near European ports, where the 
level of taxation is, generally speaking, lower than that in the 
(nited Kingdom. The Association intend to make further repre- 
sentations to the Treasury. 
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Pollution of the Sea by Oil 

Port authorities have been approached by the local principal 
officers of the Ministry of Transport to review the arrangements 
necessary and facilities available for dealing with the release of 
a large quantity of oil in port or coastal waters as a result of 
collision or other accident. 

The Warren Springs Laboratory of the Department of Scientific 
and Industrial Research are investigating the possibility of a 
research programme into means of cleaning beaches polluted by 
oil and the Association have asked that the programme should be 
extended to include means of dealing with oil pollution in port 
or coastal waters. 


International Maritime V.H.F. Radiotelephony 


With a view to standardising the basic procedure in all United 
Kingdom Ports for V.H.F. Radiotelephony Port Operation Ser- 
vices, the Navigational Aids Sub-Committee have prepared 
standard operating rules for circulation to Masters and Pilots of 
ships. The rules, which have particular reference to listening 
out or switching frequencies, were agreed with the General Post 
Office, the Chamber of Shipping and the British Tugowners’ 
Association. 


Control of Pleasure Craft in Harbours 


At the Small Ports Conferences, held in 1959 and 1960, repre- 
sentatives of the small ports expressed concern at the increasing 
numbers of fast motor boats which are used in harbours and 
estuaries in such a way as to cause danger to other users. With 
a view to minimising the dangers involved, a number of port 
authorities have made a byelaw requiring small motor boats to 
be navigated at a speed and in such a manner as not to endanger 
the lives of or cause injury or nuisance to persons or endanger the 
safety of or cause damage to any other vessels or property. The 
difficulty lies in enforcing such a byelaw in relation to trailer- 
borne craft which are moved by road and may spend only a matter 
of hours in any particular waters. To overcome this very real 
difficulty, the Association suggested to the Ministry of Transport 
that all motor boats should be required to be registered centrally 
and to exhibit their registration number. 

The Ministry consider that the control of these craft is 
essentially a local matter but the Association do not agree and 
will continue to press for some form of central registration. 

At the same time, the Association believe that the dangers 
caused by the improper handling of motor boats are in many 
cases due to ignorance on the part of the users and that it would 
help if a code of practice were formulated on the lines of the 
Highway Code. The Ministry have been asked to set up a com- 
mittee to consider this suggestion; it is hoped that they will do 
so and that any such code will extend to water skiers and aqua- 
lung divers. 


Documentation at Ports 

A Sub-Committee of the Association will consider the simpli- 
fication and standardisation of shipping documents and, in par- 
ticular, documents submitted or passed to port authorities by 
shipping interests. 

The International Chamber of Shipping have set up a Commit- 
tee to study documentation in respect of the entry and clearance 
of ships and the Association have said that they will be glad to 
assist in any way possible. It seems likely that it will be some 
time before the International Chamber of Shipping have made 
sufficient progress to consult the Association but, in the mean- 
time, members have been asked for their views on the form and 
size of ships’ manifests and the simplication of other shipping 
documents with which port authorities are concerned. 
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Manufacturers’ Announcements 


New Plastic Buoyant Apparatus 

Shipowners and others responsible for the safety of life at sea 
have long realised the limitations of buoyant apparatus which 
relies for its strength on jointed timber. This needs constant 
renewals or repairs and is prone to warping. Goshawk Shipyards 
Ltd. of St. Mary Bourne, Hants, have recently introduced a plastic 
buoyant apparatus which can support 8 to 20 persons in multiples 
of two. 

It will be seen from the illustration, which shows a basic unit 
for 12 persons, that the life line bits are sunk below the level of 
the shell so that the only projection, other than the life line, is 
the hard wood block 6-in. square for the Government Inspection 
Marks. All the corners are rounded and the handgrips on the 
nylon life line are of polythene black tube. On the top plate 


there is a raised portion, with a similar indentation in the bottom 
for stacking. The sides of these sections are at 45 degrees to 
allow for easy and quick removal of the apparatus when need 
arises. 

























































A base unit for 12 persons, 3-ft. square and 10-in. high. 


The shell laminate corresponds approximately to between 14 
and 16G steel plate and, in addition, the corners are doubled in 
glass content. The tubular mooring bits for the life line are well 
above size and about three times the length that can be seen 
externally and are heavily bonded to the shell. The shell is filled 
with a water resistant polyurethane rigid foam, making the whole 
a solid block of plastic. The weight of the illustrated unit is 
about 35 Ibs. and it is easy to handle. The reserve buoyancy is 
about 30 Ibs. per person, which is nearly twice that required by 
the Board of Trade. Seat type units can be supplied with the 
basic units of 3-ft. and 4-ft. wide and with the back rest along 
the centre line. The shells can be impregnated with clearly dis- 
cernible colours for easy recognition. 

Although slightly more costly than conventional types, these 
laminated units need little or no servicing for a considerable 
number of years. They should be particularly suited for use on 
ships visiting hot climates and where weather conditions vary. 


Improved Track Pads for Smith Excavators 


A major improvement has been introduced by Thomas Smith 
and Sons (Rodley) Ltd. to their ‘21’ excavators and crawler cranes. 
This takes the form of a re-designed track pad of 30-in. width 
which will effect a marked reduction in track pin, track lug and 
tumbler wear. As a result, adjustment of track tension will be 
required less frequently with the new désign. With a multi-lug 
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hinge providing 25 per cent more bearing area, as well as bei g 
more rigid, the new track pad incorporates a design feature whi: h 
eliminates any form of jerky travel action. If necessary, this 
track may be plated-in on the topside, in order to shoot off ary 
loose material which may be dropped from the tracks instead of 
carrying it round in the ribs of the pad. This is a most desirab e 
feature for machines which have to operate, for example, in loo:e 
sand. 


167 Dragline Excavators for Poland 


Priestman Brothers Ltd. of Hull have secured an order for 167 
Crawler Universal Dragline Excavators for Poland. The total 
value of this order, machines and equipment, is about £650,009. 
When delivery is completed, the Polish Government will have a 
fleet of 300 Priestman “Cub” and “Wolf” dragline excavators 
for work on digging and maintaining the country’s small and 
medium-sized drains and canals. 





CLASSIFIED ADVERTISEMENTS 


Rates 4s. per line (minimum 8s.); Box Number 2s. extra: Rate for 
single column inch is £2 per inch. Prepayment of classified 
advertisements is requested. Orders should be sent to Advertise- | 
ment Department. “The Dock and Harbour Authority.” 19. 
Harcourt Street, London. W.1. Telephone: PAD 0077. 
















WANTED 


WANTED: 2/6,000 Ib. Forklift Truck, Diesel, Petrol or Electric. Box 
No. 242, “The Dock and Harbour Authority.” 19 Harcourt Street, 
London, W.1. 


BALL AND ROLLER BEARINGS ETC. WANTED. Also surplus goods 
—especially Hand Tools—of all descriptions, R. Pordes, 138 New Caven- 
dish Street, London, W.1. MUSeum 5250. 








FOR SALF 


DOCKSIDE DERRICK CRANE for sale, Monotower 140-ft. high, 130-ft 
Jib: 7 ton at 100-ft. radius, 5 ton at 127-ft. 6-in. radius. New unused 
Electric 400/440-v. 3-ph. 50-c. Lying London. Box No. 240, “The 
Dock and Harbour Authority,” 19 Harcourt Street, London, W.1. 








APPOINTMENT 


TYNE IMPROVEMENT COMMISSION 
CIVIL ENGINEER 


The Tyne Improvement Commissioners invite applications from Civil 

er agi for the position of Assistant Civil Engineer. Tyne Dock, South 
ields. 

The Tyne Commissioners’ Undertaking affords excellent opportunities 

for interesting work associated with the execution and maintenance of 

extensive Dock and Harbour Engineering Works and Tyne Dock is one 

of the principa! places on the River Tyne for the loading and discharging 

of bulk and general cargoes. 

Applicants must be chartered Civil Engineers. Experience in the design 

of new works would be an added qualification, as would experience in 

mechanical engineering. 

The salary offered will be related to the qualifications and experience of 

the successful candidate and be within the range of £1.250/£1,450 per 

annum. 

The appointment is superannuable and subject to the passing of a medica: 

examination. 

Applications stating age, education, training, qualifications and details 

of experience and giving the names and addresses of two referees as to 

training and experience should reach the undersigned not later than 28th 

February, 1961. 

Bewick Street, 

Newcastle upon Tyne, 1. 


& 
R. N. EGGLETON, 
Secretary 





FOR SALE OR HIRE 


FOR SALE AND HIRE Forklift Trucks of every description including 
Electric Reach Trucks, Side lift, all tonnage powered by Diesel, Electric. 
L.P. Gas and Petrol. B.G. Plant (Sales Agency) Ltd., Watlington, 44 
Oxon. 





FOR HIRE 
MODERN FORKLIFTS available for five year hire contracts, £15 per 


week. _Box No. 243, “The Dock and Harbour Authority,” 19 Harcourt 
Street, London. W.1. 
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